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| (54) TiUe: CONTROLLED ARTIFICIAL INTERVERTEBRAL DISC IMPLANT 




O ■ TJ^Z I Tt 1 ^ " anifidaI inteW!rtebra3 *« ^ Ptoment between adjacent vertebrae. The artificial 
O ' "™* a3 ,s Pfe^bly deigned to restore disc height and natural disc curvature, allow for a natural range of motion, absorb 
<S t arid res!Sten « to ™<* compression. Furthermore, the intervertebral disc may be used in the cervical the 

0 ^ " *? lVm ?T ° f ^ ^ artfidaj imerVErtebni **= n»y include either singularly or m combination': 

§ ~ s f C ^ m8 a V!T/ ne ^ me,nber prefOTb, 5 P ^•Porating a arcuate surface member, a flexible core, the flexible o 
£ bem * !.! Jo,ted . COrc '.» ™« » * winged leaf spring, or a leaf spring, or. The articulating member preferably being 



„ . „. „-d leaf spring, 
attached to one of the endplate by an intermediate shock absorbing 
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For two-Utter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 
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CONTR^feLEB ARTIFICIAL 
INTERYER1EBIIAL DISC IMPLANT 

5 [0001] The invention m relate to devices and methods for the treatment of 

ttauma and diseases of the spine. More particularly, the invention relates to intervertebral 
ifserepiacemeBt 

Backc^oiwi> of TBSlagaBrnoN 
[0002] A variety of conmtior^such as spondylolysis, disc herniation, 
3 compression of spinal cord nerve roots, degenerative disc disease, and trauma are Jsajown to 
c mm severe discomfort, requiring medicajr attention. Among the procedures currently used 
t« f aHeviafie such conditions are spinal fijajm, such as intervertebral and postulate! fosioa 
6 - Mdrodesis. ]fo these procedures, two adjacent vertebral bodies are fused together. The 
a fected intmrertebral disc is first exdsed| and an implant is inserted which a^tamodate 

« movaL -A number of different implant nkterials and implant designs have feeas med for 
fi « with varymjg success. Although m^vertebral and posterolateral fusion mi Widely- 
u ted, drawbacks to their use include a reduced physiologic range of motion atxd.Q"4e£ teib® 
n htted complications such as degeoeratioti of adjacent discs and destabihzation of (he 
E actional: spinal unit As a result, alternate treatments with fewer eompBesfioBs, but 
amnlar efficacy to fusion, are desirable. Gbe such alternative to spinal Moa is arthroplasty 
a^d tbeinsp of a prosthetic or artificial dial 

[0803] mgmaral, artteoplast^ii used m the replacement of diseased jc^ua. • 
A iavolves a set ctf praeedures is^ted to ma 

a ^yjwviagte mtegnty .and .keeping adjacent raoHon segments from. ' ." 
wthcy^ 

oj the affected joint, specific arthroplasty pjocedures may be used. For example, 
i^emositional reconstruction surgsry, whik reshapes the joint and adds a prosrae&disk 
T^rween.&e two bones foiming the joint iafcommonly .used on elbow, shoulder, aside, and 
fi|gsrjomts. Total joint replacement, or total joint arthroplasty, replaces fees miim diseased 
joint wlmsm artificial prosth^ and, in refent years, has become the operation 
fc? most knee md Mp problems* 

[0SC4] Kip and knee ^facemtete particularly widespread wM^neariy 
3^000 hip replacements and about as maaykoee replacements performed in ffirftafed 
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Stete With reject to the knee aad Mp joint replacement surgeries, tb^ tre " 

^ plants or prostbeUcs available, 'lithe hip prosthetic, in an exempWIiga. ' 
. arcttvo components, one is a metal bail attached to a metal stem which isfitiedxnto 
r femur, and the second is a matching pl^ik socket which is implanted too the pelvis 
emeM pieceaare generally formed WaWnkw steel alloys of cobalt and cbUms, 
afloys of titanic the plastiojpteces are generally formed from bigh^% 

F«r «* s tece p^etie^ ^mplary c^bodtat, metaJ asxTptefc " 

T^"™ ^ ^ USe4to Ksptacs *°4w*&cd kmc ends and cartilage. The mm " 
Pps ^generally formed from stainless*,!, alloys ofcobah and chroma titanram, and 

J C0005] Although the •wrtuttaiqf rt.rt .fltapta^ ^ o^^f^iirt^ 

^ has 1* similar to that of ofo^ h, the body, cvcM^g fiom &8 
J^to^lacingthe fictional joint, theadyenl of spinal athroplast* how OTs 
j^ta^a^la^teotto^orjo^ 

P306] CW thap^ 40 ye^^al ^p^y tad^logle.^ta^ 

:«d» the last lOyears has won the attention of leading 

^.^a^ufcta. TtajfcWonrf spinal a^la^y e^tially 1^ 

™ ^ ^neept is dsnply the placet of a tail, ^smtMly ' 

X ' o^als, the kiest of which b a modilad asrfean . 

tojLte »™g, of^oriox. of^^lE!!!r ^ tocm ^ ct wMch kfeteidai 

- These devices' ak^ often 
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... '* 
cbmpfiscd of metallic endplates feed to the adjacent vertebral bodies via a stabilization 
a echanismand a core formed from polygene or other polymeric materials." 
A Iteroatively, instead of a core, bearing ss^feces can be used, the bearing surface materials 
betag ceram^Wsamic, metal-on' meta$ or metel-on-polyethytene. The snechaoicaJ ' 
design concept is based on the same privies as joint reconstruction products, such" 
knee md hip replacernents, and a variety of mechanical design prostheses concepts have 
b sen proposed and c^tinue to be proposcit : 

[0008] Another concept is ta^hvsiologica) concept Use physmlogical " : 
cjne^uses i hy$m$& elastomer, or pof|arethane~based core which is intended io restore 
T ^ e &n ^ i<m ^ ^8 cmitt^ fluid between the patient's vertebral endplaU 
^ile aJso.mamtaming the natural shock absorbing or enshioning function of the disc, "tte 
penological ccmccpt devices are generalfyt^nsidered only a partial solution as &ey are 

d^gnsdt© replace or^^ ; 

[O0O9J : All of the approaches tp disc replacement are aimed at some or all ofthe 
f jUoMring: alleviating discogenic pain, restoring range of motion, maintaining the natural 
s jocfcaJ^rbing taction of the disc; restoring normal form or disc height, and ns^feg 
piyMologicalMneinatics. Generally, four ^emplary types of artificial mtervertebial discs 
& ^h^M^M^r^h^ug^^^^moim axrrised disc: eJastoma^&id sLd ■ 
<hW ban ^d socket type discs, mechamcaj spring discs and hybrid discs, 

[0010] " Btotomer/fluld filled discs typically include m elMtamorimdrion era 

d «mb« oCtbese plants advantageously nmetion, in mechanical behavior, edmiiar tolthe 



imm l Bal and socket type ctiiU typically incorporate 



e two plate manbers ; 



during movement of the spine. 
mi2} • Mechanical spring diseisypically incorporate one -or note coflek ■ 
disposedbstween metal endplato, ^e ^ springs^ & awi^^ k 
constant ^ fc designed to he ^cient to Watain the spaced ragmsl 
vertebrae while allowing no^ai movement ofthe vertebrae during flexion and measien of 




£0013] ■ Inefourfcrypeof «rt^ fatervald^ df^ tol^ 

t "° W m0re ° fSh8 «*«««fcUd d ^ p ™p 3ss . For example °* 
aaangencnt. includes abaO ^socket joint surrounded by an elastomer ring! 



WO 2094/016217 



PCTYUS2003/025536 



P»WJ , While each of tfeg fore^mg prosfeescs addresses someu/ti ^. ^ 
renting to Intervertebral disc repiacmea^eaeSi of the implants presents tfgniisc&r 
d|aw|}«ks. Urns, them is a seed for an infsrvsrtebral implmt mat accommodatsisse 
ajjatemy sad geometry of the intervertebral space sought to be filled as weH ass the anatomy 
5 ajd geometry of the ends of adjacent vertebral bodies, while providing retlabiHty and 
• sijnpKdty in design. More particularly, tee is a need for a spinal dis© implaat wlrieh 
moving stability for anpporfeg the high loads applied to the vertebrae, puts' surBcient 
mobility to allow the patient m sppjoximate normal range of motion, provides Joe axial 
:co^npiesssoa between adjacent ver^r^ ^ has s3w^ absorption abilitiea. 

10 . ! ' §®mm^^mmmm '■ : : 

TOOTS] The inverm'co ralatekio an intervertebral disc that is preferably 

de^gney to restore diss height and bidosij, allow for a natural range of motion, *rt 
W provide resistance to motion ask axial compression. Furthermore, the." 
s » «rvertcbial dismay be used in the cervical, the thoracic or the lunmar regbns;pf the . 

[Mol ■ llteintervcrteb^ 
W «|y ccmibsming In size ami shape wM& at least a portion of the ends of adjust; 
w ttebrae. The shapes of the mtgrvertebraldiso ineludc, but am not limited to. e&wte, 

[0017] In one enA«iinienCtb* ; intervertebral disc Inchides m upper mdpi m & 
to n endpfate, «l aa intermediate elastic inembrene di.spo.ai feeSwem the ^'snd 
loWrtdpJato. Ahmuaivdy, fee elsstfepmbnne may surround aiidencapeatatethe 
m&Ata. The ^asfe membrane fa eombfauttidn with the upper and tower endph^ 
de&i« an mterior volume. Tl* interior vohnneofthe disc mchxles at 1^ 
^^^cprmgeleme^ Preferably, 
*■ spring dement is attested to the lower endplate within a pocket or groove formed J the • 
im as- raftce ©f fee lower endpkte, wMIc fee upper ©ad of the spring element is j»^»fr rd to 

arfeafcte m a socto formed on tto inner sj^a of the endpJate. ■ 

mm Alternatively, fee disc may be provided with a piura&y of spring 

each sprmg elm* sxt^g.from the upper endplate tome loWLdpiate, 
^ spring element may have a W^heriea! members on both ends to mate.with 
"«^img sockets formed on the tojsmfee* ofthe ^ tewer ^j^' ^ 

>y 3 ? lisrsl % «>f second spring elements uniformly spaced around the first 



elej 
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^pg.4«ffieriL Use&st spring element ^fcrably having a stiffitess assd'cr • 
ejp^i wMeb. is greater than the a t H h egfeo^the periphery spring elements. f 
I .• [0019] Fuilhmsore.lisedim^yj^ludeapIuraKtyofsipmgdaissk,,- : 
jhereby oaIy& portion of the spring elemfsls may be attached to a herm-spbrneal mes&er, 
Ith ^remaining spring dements beingsttached to the upper and tower endplahis, " " •■■ 
lym pockets. In one exemplary embodiment, the first spring element mjh be' '• 
toabemi-spI^calmemberwM^^ • ; 

-W^beaitadaeddijn^ ' ' *. 

. t 0020 ^ The disc may also Jnol&b an elastomeric strut or ring in place/ of one or 
of the spring elements. Furthermore, the disc may incorporate casing mranbrisV i • 

[00213 The disc may also mchaie a fluid disposed within the mtcrior vohuae 
avalvefbrpc^^gmsert^ ; t 

[0022] • The upper and lower eadplates are preferably formed of metal, such as 
stkrafess steel, titanium alloys, 4%-chromsura alloys, or smorohous alloys, 
y. however, the upper sad fow«» iendglates may be formed of ceramics, , ! 
polymera, smb. as i^ly-elte-^her-ketoTC (f. e ■ PEEK) or an ultm W^s : . : 
r-wd^t polyethylene fle^ UffipE); boiae, including cortical, caiicdfeu?, ; 
>g^ anSograS, xenograft demmersli^oritetiaily demmoalizedbone, orsky ofter 
13,18 to 8erve as supports. The materials choseafc the endjAte, » 

ion .with the desired fluid, are preferably selected to reduce the amount rifwear, • 
— thn^irjeiisaso life of the joint "k ^ 

Lto] •: The outer surface of tb&,ufcp«r. and lower endplates may be substantiaEy 
wedge-ihaped, etc. The outer surface^ the upper and lower eudplatesntay iukoibe 
do^e a%wS:wim their radii defined in tW^gittal sad comnal planes to gne^riri-h ' 
itesq ©f fee ends of the adjacent vestebra. The dome shape allows the upper sad tower' 
m iplates to better conform with the ends of the adjacent vertebrae for a better a m situ. 

[0O24J Th* mtervErtebrai disc also preferably includes migrsaon-res^ " • 
tow provided on the outer ' 
movement, dislc^^ 

ad^atvertebme. The imgratoresktas^ inc^oXbutareaotKimted^fBpa; 
spi tea. teeth, fins, deployable spikes, deplorable teeth, flexible spikes, fog* teem. ' 
a& sn^shaped teeth, in^ te OT enable ta, screws, hooks, serrade^^and 




^ : (0025) ^"n^theiipj^^low^ 
a hjmfe gaswth mdueiag or conducing sub#xse to promote bony ingrowth to psptim^y; 
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£^1^^""^ ;«^- 



30 



m L i~ ~ or lower ^dpla*^ IXemtsck^ - 

m r b. dim*** I 7^ « '•tfij>*» or . tafspriaj. jfc. flodM ; 



jc- — ™j, MW6jafct cons Hi 

p« fcrably vqthin pockets eeatatafag 
a slo«©a a ring sprfsg, & wmged 

^be.d«u S fa 8 ioncd aad configured to ^ZTZ ~~T 1 ^ a<8rib * 

^ 85 pr0V5de Sa **^ lateral bendfefe, ^ 
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• r|tah<m, anoVortnmslation. dcpendng orithe loading condition* imparted onthe-: 
i^^ettefaai disc. . " ; : 

t©031] ' The^tervmebraJdM^ 
P^rfde, ..jr may be implanted preassemblei :An anterior, antmolatesai. Of lateral surgical 
a$proach,,n*y beused for the intervertebral disc. Furthermore, depending on fee ' 
fejtervertebral disc to be implanted, a mrdnidry invasive surgical method and/or a ; • ■ 
tfmltmwtm distraction and implantation-iargical method may be used. Also depenmng 
°f *° Vertebral diss to be implanted, the Anterior Longitudinal Ligament maybe- ' 
attached directly to thpdisc or to the. adjacent Vertebral bodies. Tte Anterior I^gitadinal 

o| xenograft Alteraativdy. the Anterior L^ghadinal Ligament may be formed f&om ' 
M"*«*^nweiiato To assist wife tha . 

i^plm^ of the intevertebral disc, the Vertebral disc may include abgnment. 



] Mm^mm^^A Drawings : 

] WB2] To*dJittottuiid«*2^ 
Pfzmtfmm&on, exemplary and preferred;feate and embodiments are disposed m *». 
^amp^g dmwin^ it bemg imd^tedd, however, that the invention b not limited to 
«* pw arrangements and mstnimentalf es shown, and wherein similar rrfersaW " - 
characters denote similar elements thmnghout me several views, and wherein: - * ' 
i £0033] Ks^lisap^eetr^yi^ 



C0034J Figure 2 is a cross^nal view of the artificial mterverM^die of ' 
1 ta&sn along line A-A; .. ■ 

WBSJ Phjnre 2a is an altcnnn^Wsectional view of the artificial ' 
disc of Figure 1 taken along line A-A; : 
j 10036} Figure 2b is an lutemaWcrpsvsectienal view of the artificial 
^ervertebffal s&e of Figure 1 taken along |pe A-A; ' 

[0037J Figure 2c is an altien^amWs^ooal view Of the artificial • 
interverte^ disc of Figure 1 taken along Mas A-A; 

CP038] Figure 2d is an altenWcWsectional view of the artificial 
mJweiSelssal Sim of Figure I takes ^ongJks,A~A; 

[0939] Figare 3a is a ride view' pf k depioyable spike aceoxdmg to the present 
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10^40] • : Figure 3b is a side vi^of another deployabJe spike accent*** 
j • ' £^41] Figure 3c is side vfov&i flexible spike according to the pr^sent. 



IWm Figure 3d is a side view ^alternatively shaped teeth according to the ' 



|0©44] Figure 4 la a erosa-sectioM view of a second embodiment of an ' 
.. ^i^fitev^rsl diss according to tl^smt invention -' " " 

• : [0Q45] 3%^4Aisarid ev ie%f m ei^^ 
iiteweiifel disc of Figure 4; ' i 

• [00461 figure 5 is a croas^ecticdud view of a third embodiment of an^Uficial 

, : [0O47J Figure 6 is a perspective view of a fourth embodiment of an artificial 
: mjte?VCTto1|ral disc according » to pwBeBt^wwtion; . 
v l®im} HgureTisapeKpecuve^ewofafiflhemb^ 

IQMSI] F^gkape^pectr^viewofasi^em ..." 
dta«*^ to to . . : 

arteialintovewebrai disc •ooo^i.toi^fa WB || BBS ': : . 

of m I****** disc aocordingto the present invention; 

; '- [0O52] : Figure <Jb is an e. 
Fimje.9a;* 

y £06533 , Figure 9o k asaa 

. C0aS43 " Figure W is schematic vjew 0 f a 4 
<&so jaooar&og * the pjes^ ^v^^ 

Any of a wide variety < 
eaeMags shown by ths ill 

The intervertebral discs of the pna^t invention a 



Anyofawide variety ofdifiexent implam atraetores car, bep^ared 
the teacntog, shown by the ffl^ vs ex^ie* ef ^ i^orfebral discs 

sprefes^lyislesigHed 
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to restore the aatoral spinal esrvatae (or sagittal balance), dise height, to allow jfijr a, natota! 
\ ti ng® of motion, absorb shock and to provide -rasistajace to motion sad axial ©D^ressies, 
£0056] The istgrvertsbral dto| prgftrabiy are sized and adapted for nse'mthe 
cervical morsels, and hsabar regions of the spine. Also, the mtwertebtal discs eas be 
i tsptired for easa IsdlvMiiaf patient aMow% for disc characteristics impropriate for the 
UdMdsal pMtent, For example and artificial disc may ha provided having apafe of 
e^dpjitesraad a esra, sod me core of the dtec can include different asgembiisa, ififflgjait 
^sspmkssf^ aad&sr various types of m wt fn a3s to create the desired dyj^rnio sijimblmstie-r 

tcadt mdividaal paUoot. ' * ' 

{DOS?].. Farther 
lateral tsendssg, rotation, and translation. ^Sexioa is movement thai btinga two parJs of a 
legist m-body mto & bent position; in the sppe, this is a movement In wMeh the aptoe state ■ 
• slki^jfaM moves into fbiward bendi^ . 
asWyB&ss each ©User; in the spine, .this isa movernent hi which the spine starts straight aud . 
isWs mto badsward beading. Lateral berktag is a beading movement toward a lateral 
rip% to tho spme; &is movement geaera% involves bending (lateral) and coupled totation. : 
Rbtation is a movemeat mat results m a portion of the spine twisting, rotating or temmg 
wftfe nsspeet m the axis of tho spmaj colnnm Illation is a limited movement that is 

a%3m2sverse to she axia of &e spisal.colimsxs. : . • 

Additionally, similar to .s natural intervertebral disc, the artificial ' ' 
atebral cto preferably allow for a moving tos&rataneous axis of rotattaai At evfery 
it fox a body in plane motion there is a Hae to the body or s hypothetical extension of ." 
s line mat does not move. The mstmtahpous axis of rotation is this line. A moving ' 
'tatat^ns axis of rotation!^ ■ 
» translate) as a result of different leading conditions; in other words, the. location " 
dm tastaatauebus aids of rotation moves- with respect to the disc. Tnepretod-mem 
opiekof the moving irariaateeous axis efretstion for the Isanbar regies ©f ft, ^laois . ' • 
psfefeably ia the posterior half of me. diss space or proximal to an adjacent (sapstter or 
mfsri e r).eadpWe s preferably proximal to the tofcdor/caada! endplate, the preferred mean 
. leeaties of the moving tn^sntaaeees axis df rotation for the thoracic region of the 'spine la , 
■ ^ ****fy is the inferior portion of flw dise space and proximal to the sandal vertebral body 
g posteriorly into the spinal saaai, end the preferred mean location of the raovihg 
seous axis of ntfaiiim for thm cervical region of the spine is pmfsnsbly k & 
ir half of the caudal 'vertebral body. . 



■9 
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: pS9) Abo similar to a natur^tervertebral disc, the response char^taiskcs 
o|iha mmpM mfervotebral disc arej^iy aoa-lmear, For example,. m resp^so to 
e^fciipdaxM compression the ^cM^ertebrai disc prefmbiy watery a large 
mitbl amomst of compression followed ^riaWinearry decreasing ambits of. 



jp060] Itefaring to the acooafe^rymg drawings, preferred embodiments and " 
$afcm*of the rffidal mte-verisfexmJ discern be described m detail. ftfatobenoted 
fafvewr tort these description of .pc^'itabodimeiii. fsata« sre memly • . 

ft is «opktcd that « «jj$»ft at «„ or elements ofthe various 
eribodfaatfi may be comhmcd ox used ®m of the wibm : 

embodhte^ as wed as oteembodim^^eo.tempWedand will be appamat telhMp 

... ;t0d61] Reffeaing initial to F^I,ape^ 

i^*** fcc**, which bcrute a^tfirfor ^ „, apo^rior aide 13, -da*** 
^lateral rita IS, 17, ^ectivdy. Anterior „ ^ MotJ ^ ^ „ TOaJ5 

^^^^lOwt^onotto^t^genenUIy 
J_ tfWttJ Aadu^disoiOinch^ 

^-**"»^^»-^ . 

- to operand lowerendpto^ 12. Th. elastic inanbro^iacomtoatioa 



? * ^"pesmeabie to allow fMd to flow issto ami 
[as describe minore detail below). Alternately, tfe© 
J , / , " —- Jeble. Preferably, the elastic membrane 24 may resist 

k . H ^rJtpwgs- ajdplates 12, 14, and may also prewar 

J^^v ^ . . W. 14 Mwdlaacoirtauiaiiy wear psrtkles 

gd^w^Ae^^^ ^^m e3n br aa e 2 4 maybe at te ehedtoibe 
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. . •■- :•- "4. 

m >per md Sowex endplates 12, 14 by any fixation method known in the art mclmiuig»bHt not 
ii mfeftoi bondrngagents, uitrasosiic wddmg, screws, nails, mechanical wedging and pins: 
[0064] Alternatively, the elastic membrane 24 m&y be in the fcmn of a bellow, . 
fl e- bellow assuming an "accordion" or oihejr flexible shape, enabling it to expandkad . . 
«f«rss£ mder the various loading eondm'tas. The bellow may be rigidly attached to the 
x% ipse andlower en&plales 1 2, 14 by asy njithod knows in the art including,, to tabt limited 
t£ a orcalar groove formed is each endplate 12, 1 4, bonding agents, xiteasorck welding. 
• stpews, asps, mechanical wedging^ and phis. Preferably, the bellow is made rrasaametal, 
a|hough other material ssscis; as dmmn®&or polymzm may be «sed, Inm s&tsmg&v® '■ 
^^Siment, membrane 16 may be made pt any appropriate ncm^lastic jnaterial known in : 

• •■ .f ■ * 

[0065] With reference to Figure 2, the interior 26 of disc 10 is showni 
f, the interior 26 of the disc 10 invades atleast one spring element 30; and the 
ig«lonmt3©mayMvealongitudinai^ris. The spring may be oriented sucis-Aat its - 
d^ is orimted substantiate^ . 
ar and lower andptates 20, 22. Alteniatiyely, the spring may be oriented ssich that its- 
Q acute angle with at least one;<5f the upper and lower endplate. Tbe jtpring 
si may have a first end which eemtaxis; the lower endpMe 22 within a pocket or 
© 32.fetmed on the inner surf see 40 of the lower endplate 22. Such apocfastor 
*s may prevent lateral displacement of the spring with respect to rh® radptete As 
sr ed of ft® spring element 30 may engage m articulation member 34 inwmg& gpring- 
*gtag surface 33 and aa opposite substantially spherical surface 35 . The spring ©lament 
if may be feed to the pocket 32 and/or theirtiexuation member 34 using any appropriate 
" aa nsethod known in the art inchrim&jbut not limited to bonding agents, uta&sorfc 
t screws, nails, press-fit, and pins, ijhematively, the spring element 30 and the 
tieas. member 34 may be mtegraHy^mgd. . ;" 

(6066} The spherical surface 3K>f articulation member 34 may be cenfiguwrto- : 
Jats wimin a correspondingly shaped^beket 36 formed oa the inner surfaced of the 
sr asdplaste 20. The interface between t^g articulation member 34 and the socket 36 
may approximate a ball and socket type cotixsctkm, with the spherical artiojMonmsmfeer 
34j able particulate within the socket 36. & type asd amount of articulation desired may 
dii tatethe curvature and arc of the sphtrica* surface 35 provided on the inoculation 
m* saber 34 and socket 36, For example, if%e spherical surface 3S has the samesanm as 
tin docket 36, then the disc 10 may provjdi^eater support but more constrained * 
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Akexnativdy, if fce socket 36T** a larger radh* than the tf^Aie, * ' 

J [0067] In an alternative emboli, the socket 36 may uianpo*** \ flattened- 
PP rton wtach may permit the artioulado^ember 34 to translate withto the ^ tebv 



m s ^ wo separate or cqfoined spfimcal 
Mot«w, while the articuMoim^ 34 Md s«^36»>inMn^« 

•f^Wto uppssr md lower msiplsstes 20i£L,- 

: 1 r^--"- '• 



•sito** ^ M f ^^^f^^^^J springs, plate or leaf 
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d e patient's normal Llicrver^bral diss, or should be appropriate as rsquiredfortbe 

p sticuMproe€dwe. Thus, springs having the appropriate stiffness in awal compression 

a id sa traasvm© beading should be selected to provide the following ranges: 

^tension - from sboutO Newton-meters per degree (Nm/deg) to about 8 Nm/deg}; 
beading - from about - Nm/deg to about 5 Nm/deg; and compression -. from about 
to about S0OO N/mm. FuTihemsoi^ % outer diam^ • ■ 

s from about 5 aafflimetas {mm) to about 30 mm; and the heights of the spang* may 
> from about 7.S mm to about 12 wstL St is noted thai the preceding are pafovided as 
»tty© dimensions only, and the springs used may have aay size, shape, strength md 
•Ifigsrppiriaiefcffmepar^^ . ... 

[0j071] Thensraofaspmgele^^ 
ujay provjde a combination of articulation translation and conniression/shock abitoiptton 
between the upper and lower endplates 20; 22, and thus allowing for a moving ' 
-"--SaBtaneousajris of rotation. Articulstion may be provided through the interaction of the 
{culating member 35 and the socket 36, and/or by balding of the at least one spring* 
8t30, Cwpres^on aad shock sb^tson may be provided by the spring dement 30, 
msfattoa may be provided by bcaidmg:Of the spring element or through the choice of a 
baying a flattened portion such thatihe articulating member 36 may translate wMms 



[0072] ■ feferring to Figure 2a> disc 10 comprising a plurality of Internal 
« elements 30 is illustrated, each spring element 30 may ^tend from the upper ' 
late i® to the tower endplato 22 such thet the longitudinal axis of each spring element 
j orients gnbste^ to dip plane fonned .by each of the end plates 20* 22. 

Miaira.tfoery, ose or more of springs 30 maybe oriented so mat their longitudinal axis 
a scute ..angle relative to tho plane.of one or both of the endplates. . 
,[0.0733 ^Ptaalltyofspr^ 

to to provide um&mn shwk absorption, load bearing, and fenMoWcompwssisa 
, or the sprmg dements 30 may be strategically placed to allow for inoeased • 
e to sboik « 3d/s?r expression on one side (Le. anterior, posterior) of the disc as 
> me other. Preferably, however, thadkelO includes at least one cental spring 
3fl and at least one peripheral ^rmg elemrat 3 0 spaced away from the cental/ " 
dement 3®. In the iilustetod embodiment, a single central spring element is 

by a plurality of peripJxsxal spring elementt. The eentrsl and peripheral sp^ng 
30 may have substantially the We stif&ess, or their stiffnesses may WdUBwnt 
, the central spring element 30 may hwe a stifShess greater than the stff&ess of - . 
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afj^i^! spring dements 30. Such as^gemeat may result ma disc b|^a '. 

mfag wMcb provide primary sheik absorption and resistance during 
ff^ atm axial compression evolution, apd having peripheral sp™ g demcn^lo which 
pfojds secondary stock absorption. resistance during the later phases ofaxjaj 
(jxipm&ozL This provides a desirable ac^&kar respcmse to comp M Ve ioad^which 
^dos^misaic the response oftpe psijehi's natural disc. i ;'" 

V.r 10074] As shown in Figure 2* ear* spring element 30 has first aridiieond ends" 
- ^sM«re^ea^ The to ^ en* of 

Tj W m assodated spheriial artictdatfou member 34 omfigured „l mate 

^gMes^lass^^ 3fhe comhhmiim of spring and artla^tea ' ' 

^fcmperarits the uppers lower esdptass 20, 22 to TOO vo withrespsei to pother 
Ffa«mpH arifcuMcn 34 m^rtfa** within agisted sooted so to 

^s^por and Iowa- mdphsies 2©. 22 can tefcuiate wife r^t to ea^ ote w|to«t 
<^g restive torsion in spring elements 3 tf that would be present if the endslof the " 

^^orte w ^M e 2%22 M pii^ c ^^^ ■) 

IWm Befe^g to Kgare2b^thefdi S c lOxr^yirKdudeaplumlrtyoiUg- ■ 
* 30 wh^ only one end of &e firispring eIemm 30 COmp£te} a 

jj js-«^ a mSa ^ iac ^ 88515 ^ ^PP® 3 ^ psd of the first spring element 3© as weA m both 
^> f ^^^el^ 

WMttoupper^ sower endplatss.20, 22 (the arrangement ^omneetlo&of these 
associated spring deWfcsmg the same aspreviouaiy deserJbsdm ' 
ato4ee ffl tKxli m e n tof« gni e2). # shown m FigBre 2b> prtfa ^ , 
^*^toab^^ . ■ 

» nimadfav the te spring e&mm 38 ^ d^^^^^ 

wa , , WUttlm *"«<p. ^y^P^Mefe prongs ofAeOTal 

W**tta. appropriate to th e particular procedure, 



WO 2004/016217 



PCT/US2§©3/S25536 



1 [00763= Refettfog to *igure*o, the disc 10 may include an elastic stiut 54 
located peripherally to a central spring jjlement 30. The strut 54 may have a JoogityiDai 
axis and first and second ends, and eatfjnd may be associated with as upper er lower 
j , 20 » 22 - ^ eJastomeric strut sjfmay be seated in a groove 32 fbrmedm the 

5? : associated inner surfaces 38, 40 of she upper and lower endplates 20, 22 to resist ' 
displacement The elastommo strut 54'niay serve essentially the same Junction as ' : 
pmpheral spring elements 30 previoushfdescribed, i.e. t0 provide the disc 10 with: • 
, , conmreasion force resistance and shock, ^sorption and to resist motion. The elastoineric 
jstrot S4may be fonned from any appropriate material known in the art including, but not 
10 jlm^ted to, polyurethane or silicone. An* number of individual stmts 54 may be provided, 
: iand the struts individual struts may assuzne various shapes in order to provide the • '. ' 
impropriate stffihess or resistance mppzzt for the end plates. Thus, the struts 54 may be 
! oyhndrical i square, octangular, etc. audihcy may have any appropriate cross section! sneh 
las circular, triangular, elliptical, etc The struts may also be provided with continuous or 
15 i r^tmuora e^ 

f^ashavmgak^^ Th^.^WnW 
afcobe hollow, or they raay be ring-shaped. The ring-shaped stnits.54 may bo configured 
ioTOuMatteta^rticmofaeto^ 
■ f^.^£^»mayte 
0 : art, including press-fit, ponding agents, eje, One or more stmts may also be provided to - 
pQvew,^ their, assodatedgr^ The arrangement, number and • 

|oufignration ofthe stmts 54 is not critic^ but instead may be any combination desired to 
P*- ddiSC W miffiics * e of the patient's nonnal mterver^disc, or- 

* ; I [0077] ^^«^3*W.^^ 

pfpfeies 20, 22 during mmufacture suefcaa. by molding the elastomer to the endplate. ■ A 
. n^^and/orbaniarmay also be inc^ wjq^ endplates 20, 22 to limit the depm of 
nnpregts«ion and bosy.ingrowdiresssectitdy, 

• [0O783 Thz disc 10 of this embodiment ^ may include a membrane.24 md a 
jdve (not shownX toe valve providing*^ to the interior 26 of disc 10 so that ftuidiay 
• T «T^ m, *~»«"'* *»• ^ ^-26 oftbedi.e io. Thevalveprefcrablyi, 8 
; one-wayvalve, as known to those skilled bithe an, «, that toe fluid, once inject, c*n not 
cJc ap c^mdK ! mterior26of Q « 

elpstic membrane 24, alternatively however. ,the valve may be disposed through** upper 
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^1^^^20,22. When thlvaiv*is disposed on the upper ar^fa ■ 
e odpbte S 2a 22, apassagewaypr^^ i^i,^ to interconnect the valve ^th the 
interlo£26oftiiedlsc 10, ; : • , ' .•• 

. ; [W7P] The fluid may be a gl*. a liquid, a gel. or any combinarion thereof that 
««ffid^ tbp^^ab^^^^j of ^^^^^ 

^ mpsct to one another. Pretty; jhefhnd is incon^nssftfc, for axe**!* saline or 
. «» tMtw&m ad>aceia.YBrtd«ae . Alternatively, a» fluid «ik ' 



v'be feme/ , . Ate ° U,v '*- b °~"'- a »."PP» «d W= o.dpto » 



allograft, autograft, xeoograJI, • 
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•. dqAm^zed or partially demmexali^jb^e, or any other material appropftafs to sew© as 
)o0 bearing supports. More preferably,^ materials chosen for the eadplatej&i chosen ' * 
/sojasto.^iaaaizewear. f'' [; :"" " : 

: : [0082] Furthermore, prefw^ly, any artlctilailrig mrfaces in the mt^srtebral ' 
5 pses of the present Invention include a surface polish or similar wear ixduc^fcash such 
^/diamond finish, TtNi finish, etc. in orifer to minimize wear, decrease partici^generation, 
' jai^jiiicxjBase disc life. ■: . : " : '. 

" t°° 83 J The outer surface of j&e. upper and lower eodplates 20, 22 nfaiy bp 
snhstasihsEy flst, wedge-shaped, etc. Tjkouter surfaces of the upper and lows- esdpktes 
) '.• j2tf;22may also be dome shaped with thfr radii defined in the sagittal and coronafplanetto 
- ; bi»any mafchthe shape of the ends of;|se adjacent vertebral, thereby providmga bettor ■ 
•■ '{Hjnsitu. \ m • . . .1. |. • ' . 

| j. /W^l In addition, as showigmFigure l, the disc 1© may include afeatioa 
• rems^feateres, such as, for example, s#ke-Hke structures IS on the outer suAces of the 
. and lower endplates 20, 22. The 

of the disc 10 with the ends^fbe adjacent vertebra by providuiaft mechanical 
ptesrlockas a result of penetration and/oja^formafion of the ends of the adjac^\»i^^ 
jEhe ntifelmedMrnea! gtabflity afforded j^y spikes 18, for example, mlmmi^^idsk of 

|uiptfon resistant features may irohade^thoui limitation, Haps, teeth, employable teelb, 
de^yable spikes, flexible spikes, fiodhfeteeft, fins, insertable or expandable ftss, ' . ' 
|nehpra, screws, ridges, serrations, or other similar texturing on the upper and lower 
jaadpto 2®, 22. As shown in Figure 3^1oyable spikes 41 may be provided, andacaui 
^^m^43^b @ m^to asploy th^^kss. Alternatively, as shown in Ffgufe 3b, the 
taoyable spikes may be configured to ^^y^by mbmmm^ {m S t S hJm). M 
. f^mKgarw So through 3e, respectively, examples of flexible spikes 44, shajwdieedi : 
4s, : and aachors 46 are shown. Aheraanfeiy or in addition, bonding agents may alto be 
to secure the diss 10 to adjacent vgfishra, 
:. [0085J Rsr&emsong, the tsp^a^d lower endplates 20, 22 may also^oated 
.with abone growth inducing substance, as hydroxyapatite. to promote Iwy jj^tf 
tf> ftermaoently secure fee disc Id to lbs adjacent vertebrae. Alternatively, the upper and ' 
Ib^erendplates 20, 23 may have a icugh^ or parous surface to facilitate bony ingrowth. 
Amatively, the upper and lower endplafc^O, 22 may have W treated mdpla^ fej^ra " 
J create apoxous structure, or may mtegrj^e an osteoeonduetiVe/ostoind^^ 
T^endplates 20, 22 may also be made from an osteoinductive and/or osteoinductive 
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j *^'toP™»otcbo ny ingrowth. Inflates 20, 22 may fb^lm&Smi&u*' 
•jat^taVio&mtths depth of bosy^mwth permitted f .' " : 

■j • E0086] The uppmmdlaweimtipUes 20,22 may also Mwimplakr ' " ' 
• fafenanotrtim attachment, gdcfog, aafetakiag structures. For mumpl* theiidpte =. 
.20,22 way have holes, slots, threads, orkdovetaii for accepting a tool used to ikplant : 
'H^<^ ^vertebrae. For examr**, the disc may include a slot formed * ma upper • 
^or lower endpktgs^ 22, the slot ccpfigami to ^ivem mphmtlmeA . ■ : " " 
; mstnsm^ a distracts? or both. 



. IP087J A* a result of the niatarial and structural components used. mediae' 10 
-^aJlowflexion^^ , 

g m moves ^sts> the spring elemism 30 em coHEprass,, " ' 

: : .C0088] With reference to Fi^ 4 and 4a, a second exemplary embodiment** 

• iiTMs - t_ j " ^T 108 ' ©"Shaped, Cl-shaped, ©to. As showte, «&c 

»»m*d„ » ^ ,^ , ^ im>im ^ ^^^^ 

o-$0nv« gha^ Theconvex8arfiatBii-irmM.--.il..-. - . ... . • - . 



j r*«-» Aiissj- uuiB^UKi ST 
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cpxsgrise a surface configured to,;aecep;^eTmediaie section 1 16" which itself; kcssnfigured 
to male, articulate* slide and pivdi.wife i&e inner surface like a ball in a socket While fee 
leafs&ring 110 is described herein as atlkhed to the upper eudpSate, it may alternatively be 
attuned to the lower endpkte 104 so featife concavo-convex intermediate section 116 
mteraets with the inner surface of the vspp& md pkte 1 02. It is noted that although the 
articulating surface of leaf spring ;i 10 is'pustrsted as being disposed sear the center of the 
lofsgffegs-the astieulatisg surface may be located at any point aJong the lengffiaM/or 
width «f the leaf spring, as appropriate $ provide the desired articulation. • ! " 

- [0090] The second unattached end 114 of leaf spring li® may be provided with 
a roller J30 on as axle 132, fee seller 13ft being freely rotatable sfeont the axle 132. .the . 
sectodend 114 of leaf spring 11© may $Ms or roB along the inricr surface of the upper - 
eadplale 1M during axial loading or compression and doring axial unloading oir tension^ 
The i^f spring of this embodiment is taps allowed to translate as it is flexed, prodding ^ 
gm&sjr raage of flexibility compared to leaf springs constrained at both ends. lam 
idtesktav© embodiment, the leaf spring M0 may have a rounded end instead of a roller 130 
for siding directly along the inner surface of the tipper endpkte 102. 

|0091] The lower eadplale £04 may comprise a pocket 106 for reesrvpg a pad 
12®. -Ihe pad 12® may have a lower smps® for engaging the lower endplat© SWi.imd m 
upper tefeee comprising s eoneave sec^on 112 configured and dimenslcmed to mats with 
sheeidarged mtermediate convex section 116 of leaf spring 11®. The type and amotmt of 
ssticuMlicm provided by fee spriaf and pWmay be adjusted by coatroliing the asryature- 
prowded on thc fetermediat© section 116 ;and concave section 122. Where fee mtesmediate 
secfem 116 has fee same radius as the concave section 122, the disc 1M may proved© 
peftor support but more constrained saojranent Alternatively, where the conmveseetlon 
S»aV® lasgersafens of c5srvaaa^thaa ! Qi© Intermediate section 116, fee fesc^provido • . 



|0Q®23 The latennedsate md&ber 116 and concave section 122 mayalso takson 
jd»©antoTO to achieve fee dadrod artiealgtion. The concave section 122 of the pad 128 
aayheeoave^ t© mate with & coacave btemediaf-e section 116. Moreover, wMle fee • 
eeafc&Ve action 122 and mtemagdiate raisfeer 11 6 are shown wife contemns feat gtoerally 
^.fearing ©f their surfaces, noa-.ma%g contours may b© provided to achieve fee 



.: [0093] Fiarthssaiore, fee eonjpmMacm a „a sBdfeg of leaf sspring 110 my varjr 
g on fee area or areas of foadhjg.- ;For example, loading one end of dteilOO roar 
i.tis.grester compression of d|se 100 jwhes compared with an opposing end offesc 100. 
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"4- 

^dlt^a&% 5 fee pad 120 m& the pedcepos may be configured to allow thepad to 
ittaos^tb within fhejpoeket IOC The var^g movements, i& compression, offspring 
iUaand tntoshdtonjof leaf spring 110 wits respect to the pocket J 66 may allow? amoving 
jiasimtsaeoas axis ©f rotation. . 1 ' 

Leaf spring 1 10 may fee formed from say appropriate materia! knows in. 
■ jmesBtisxtedmg, fox example, polymer^carsmlea, composites and metals, such as cob&Tt- 
!dramnsm alloys, tftssiium alloys, stainless stsei, shape memory alloys, and amorphous 
. alloys Ths pad 12Q m&y likewise bg fatmed of similar materials. :■ 

j 10095] Depes^goatlwIosaljQsoftbe^jiie where the disc 100 saimplafked, 
A jfte fliseJ ®@ preferably restores height, mdpmi spina! curve (or -sagittal telme^ stiffen 

pi^Miffitop^oi^embodlmea^ !" 
! . [OTMJ With refers to Figure 5, a third ^erapkry emtex&nenttf an 
•jml^^tebrrfdisciSgisshowss, Simile to the previous emlxx&nenb dessrib^ jso 
jotty-toko oa my shape that generally c^^^mc^lymdmiBtoM^ymmm 
jadjaceat vertebral bodies uidudmg, bat wt limited to circular, oval, ellipsoid, teoulan 
pddney,besn, ^shaped, C-shsped, etc As shown, disc IS© inctodes m upper wdpfatolSl, 
\ Ja toww ; sndplste 1S4, and an mtermedlate ete& membrase ISfi, the elastic misto 156 
pa eomlbfaatioffi with fee sapper and Inwer^Jates 152, 2S4 dsfmmg *m iMmor wW 
PS5SL TteeadptoesrlSI, 154 md dMfe. membrane 156 are similar to those prodomlyi 
described inretatton to other emiK^er^ Tfeedis© lSOmayaboiadudeavilrafeot 
jshownfc the vah* providing accew to the interior 158 of the disc 150 fbr permitting the. 
insciticn oft or removal of, a fluid as px^mmly described La relations to other ' 
Nshodimmts. Disc ISO may ate iastode migration resistant feateres, penamj fcstisn 
jtoeans and/or imphm i^Gtimm*a*km ^dbmerit, guiding, sad mamibg street^ as " . 
'jnwiooty described in relation to mg^S^^thspf^om cmbo^m^- 
j EO097J Mse ISO may naftgr isslsde s medial articnlafcg member 1» atehed 
f° 808 ° f *• "W"* «" «M«4. preferably the tower mdpfate I «b. 1^ 

arfmlafeg m^bcr inn may to a eapyex: low ^rfeee 162 tbat is TO aSgamt md : 

to .rtfcqto wi(hi^tobqD0«w«rt e a ,« femod on fhemaersmfe* 
pfoneof&e lower endplato 154. n» curvstore of the co nr^ponoi^ ard e uk^ s , ffi to 
£f- W^"* * manipulated as nee^ary to provide the desired amount of artisan and 
itfaeendpbte. 15% i§4,;as has aWjy described m relation to : 
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Alternatively,, the artieplaimg member 162 may comprise hibiksve. 
jtewer ssrfaee eo&figBred and dimenaion^| to mate and articulate with ssspectta s, ©esvest - 
ssu$&g,.fcbaed ©a Pusihe^me, the 

^n4av€f sskiaee 164 may be integrally fejmed ©n the inner surface of one of the endplafaa 
5 jlSj lf4 or it tmyb©s«i>ajateiyfom©d^d mounted thereon. Mounting the efeesi^ ' , 

'ssxrfk;© 164 oste me inner surf • 
- ' jsur&ee 164 to be made from s material different from feat of the associated e&dplate, ftar . 
.' ; . j^an^Ie,, poly^yieas or other polymeria- a shock absorbing material may bepfoviped,- as 
•' : ^toeilbe^fe-morB detail later. • ;• . 
ie ' f £0899] Thaarfctdatrngmes^l^^ • 

fl33£ 15$ by any fixation method known .k fee art iariudiug, but aot Mmited to bepdipg : ' 
' ■ . kgehts, ultrasonic welding, screws, nails, mechanical wedging, w& pias. Preferably,. . ' 
fMmt&jtsk, the srtiadstiag member 160 maybe attached to one of the endpla£el$Q, 152 via 
pn.mtekedlate.dsoek absorbing layer l^, The shock absorbing layer nVna&bo an . . 
15 lela$goK&& molded or bound polymer fibcss, poryurethane, silicone, or any other suitable ; - 
Elastic material having the appropriate shock absorbing properties. Articulating' member 
[ifi© ; may beiabrieated from ametahs, polymers, composites, csrsnaics, or any ©c^blaatton. 
• . :jO)0*i£- . . . 

'.JWlOOJ _ The disc ISO may alsoiaclude an additional elastic msmferass 112 ■ 
20 )Gea&gap3& ts ©oisfias and/or secure the sMcela&sg member 160 to one efthe ejsdplafes 
.- jun * l^imd/ar to encapsulate the shock.absorbing layer 170. The additional elastic 
jjmsa^mns may be a bellow which may pmvide shock absorption, eompre&sira. resistance!, 
sand sd#d stability fer the s^sdatiBg s^sber MO m shear. 

j I .- fjoblOl] Depending on the looiiion of the spine where the diss ISO. fa implantpd, 
25 . jibe diss^S preferably restores height, natural spinal curve (or sa^ttal bshmec^ stiffi^ss* . 

'p^^;compressioa stiffen and aHewsf range of motion simile to that desenbed in 
. , ^e^os^ps^oiis embodiments. ... . ■ ''. 

I . . ' '. £00102] As a result of the ssatoriate, geometry, and composeste used,; dig© lStf 
pan allow fimdoa/esteaslon, lateral beadkg, axM rotation, and transition, depositing on 
30, jthe loading conditions imparted on the isn^srtebrai disc. In addittos,. usder various 'spinal 



jfoadingj 



pfp.aa&oae of the esdplate 152, 154 caajcompress asd/or bead varying amounts, 

a the location of fee eoraprels&d and/or bent area with scspeei to fee area 
AAftoadmg. Farthermore, disc 150 permits different regions of the diss 15$ to 
a varying amounts. "" " : 
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|00IO3]' With reference t©Fi|^ [ 
mtevertebrai diss 200 is showtL : Diss tpp hm a generally circular shape with La upper 
endplate 202. a lower endplate 284, and ■& slotted com 206 having an upper assyed sur&o© 
and a tower flat surface. Ths <3is6 200 may take on any other shape that appropriately 
S xonfenss geometrically and aaatsmiealj? with adjacent vertebral bodies, inckdkg, bat mt 
limited to, tednsy-bean shape, oval, asusaSsr, ellipsoid, C- shape, D-shape ete. ©faer feahsres . 
• described previously with respect to the jbfher mbodimiMfa, midiaathsmigmfioara^slaijt 
sttnachsss^ pmsasanl fixattoa feataes a&d/or implaat mslmmeat attachment, goidiag, asd 
retiring structures may be inelxKtod ors exidpiatss 204. Furtemore, the mtter swr&ces 
10 .of 16© ?^pcr and lower essdpktes;202, AMpny he substantially flat, wedge-sh^ed, eta ' 
, ;Hj« outer surfesss of the upper m& tow^eudpi&tes 202, 204 also may be dosae shaped 
wilfe their radii defined is the sagittal aaf? somnal planes to generally match the shape of the 
:aA ofthe adjacent vertebrae, thereby poviding si better fit in Prefen&J&the upper . 
■md Iowa- endplales 202, 204 may be aside from metal. However, the upperted lower 
IS ; en#Iate 282, 284 may aherastiveiy be made fiom any of the endplato maienafe previowsly 
jdeambefc^ :". 
; £00104} Assbow^mel^^^l^ 

located on its inner surface, the packet 2fll designed to receive the tower fist spftce of 
•stated coro 2IN». Alternatively, the slotted cere 206 and lower aidplsto 2M may be fomsd 

20 .>$ to integral piece. Where fee core is femed as a separate pises, it may corsiisd a 

Cerent msrferM fiom the md plate 20$ thus, a metal end plate may be presided having, 

dbr fflta^k, a polymer mattog feature cere 206. . ' 

.; [00105} Where the cose tm^, eadplate204 are formed sepantc^&ii* din' 

^tnayalsoinohuteac-riijgCnotsh^ 

25 "jwitlmwadiaeeHl to pocket 20%>to ra&fc the core 2(K'< within the endplate posfwl 208. ' 
jSssh adngmay b© configured ta> prove* the 'core from translating wife respect to the 
pdplals 2M, or ft may allow trask^escf the core is one or mere dimness. !•. 
VUtuA*dy.'tbe cm 206 may be reined in pocket M§ by means rach as welding, pmsg- 
SUtag, staking, or bondings cap (sotsbewa) to the lower eadplate 204* the mv&mg a 

30 |Ks^osoftheesre2M, . * j 

j • 100106] Although pocket 2C»is shown as having a circular shape, t&e pocket 
may ^ on any otter appropriate shspejiueludlng, but not limited to ovaL effiptieal, 
frfchwybean shaped, xectengular, etc Wfc the core md eadpiate are f OTO | « ^fa^ 
ftoees, packet 2QB may be wider or iemger^han slotted core 286, thus altowingih© ccro 206 
f° lssasIate th8 20g ; d^mng;^e^atio^L Alternatively, mm pocket 208 way 
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assume Various idiineosional configurati^ necessary to allow translation ol^corp 206 * • 
wfminth© pocket only along specific dictions. Thus, the pocket may be prodded with a - 
same general width as the core in all dkwtiom but one, the pocket being widtfthan the 
core is Sha* one! direction (af. the anterioposterior direction). Thus, a poefesSjita is wider 
S .1&aa the core along the mterier-pesteriojr. axis may allow the core to translate fathe 
: an^©r^steriortttrectloa during use. Corresponding modifications to the pocket 
geometry may be made to allow tamsktion in other directions, such as mediaj»laterai 
• ^translation. . j " j •■ • 

■" "[00107]: The imst surface ofji&e upper eadplate 202 may have* a concave; maliisg • • 

1Q " feamie 210 configured to accept the imflK curved surface 212 of the slotted cop 206, 

•Fsefeably, die mating feature 210 aJtowjg the upper sad plate 202 to articnlafc Wi& respect 
to the dotted core 206, This soaring feature 210 may be integral to the npper dsd plate 2S2j, 
or it may be formed as a separate piece, jfit 1o the end plate. Where ifas inatinff fe*™ 1 
.fbrmed as a separate piece, it may compose a different material from the aid'platsp 2&L 

IS Tins, atrietal end plate may be provideJlF^g. for example, a polymer mating feato® 

21a ..■•"! r \ : \ , \{ \ . 

• • I00108]i As previously descaled w relation to other oKfoodiramey the 

: ■ .arfcEsMng snndikces may be rerasedi thji^ is, matmg feature 21 0 may be pwdded in 

2® the type and amount of articulation and/|sr' translation provided by the <&c of p$s | 
Mbodlmeatf 

rnzhsmm pnmoasly described in reladea to other embodiments. By sHowing aiticnlatmg 

: is ailow&d thas approximates ins motioaiof a natural intervertebral disc. " L ; ; 

25 ' [00109]- TTse slotted core 2§6ta^^ .' 
;ax$al loading, thereby providing s?hock ssbsorptim. Thus ifes core 206 may tovei«t least one 
slot 21 6 cut into its periphery. Slots 21tij may be straight or curved and may extend . 
'horizontally, vertically, or obliquely. Sli>ts 216 may also vary in Length and width! and may- . 
■ be provided at various depths through thb&se. The slots 216 may increase tfifj. .: " 

3© xcsnpressftiBry of dotted core 206 and drag give additional shock absorbing qualifies to the' 
disc SO®. The amngsment and conB&s^&n of the slots pnmded ip the sorts may be 
of any combination appropriate to provide'.the desired degree of compressibiliry. 
: [00110] Although snowa as Having a round footprint, tfce slotted cere 206 may 

jbe.aay other shape ssetadsng oval, reetan^ar, effiptical, and kidney-beaa. Fte&n&ly the , 

35 'shape of the slotted core 206 matches with the shape of the pocket 208 formed on the inner 
: 23 
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ssEdtooffie : l©weresdp]8te20#.SSot$^ core 296 may be foimed fern n^sterjals- \ 
^mdudteg, for sxsmple, commies, -cossptmts&> polymers, or metals stash as <bb^<hromiu3t! - 
kfleys, mialess steel, and titanium alloys; Alternatively, slotted core 206 may |^ mad© ugh 
jof two bomposersts (not skwa) pf dLffemjg materials. Also, as previously stated, tJse 
jslotod sore 20€ may be made istegm With to lower mdpiate 204. 1 

[001 11] Disc 200 may also ia^ii&te Stif&sess restoration features sucfe as 3© - * 
elastic mesdmxane, aa elastomer ring, bettsw, springs, or fluid as previously dk&stssed m 
relations to_ othssr essfee^meats. IDise 20:may also inajtporale additional staxi sfesorbmg 
s ss previously discassedim rekfisss to other embodiments. ■ : 

[001 12] The disc 200 ena^Iates may hsvo jjolgs^tion-resisterit stmcfees provided ' 
i«m the ©*st$r swfaes of st least one ©r both of the eadpiat.es to impede movemeA, 
jdWotfeps^ sxpaMon of the esdpLstoswitMs md from the ends of the adjamst vertebrae. 
[lfcanngrii£on-reiastant structures iaeWfci but are not limited to, flaps, ^ite^ tern, fes, . 
jdcployab!^ spite, dcployable teeth, flexfcle spikes, flexible teem, aJtamtivelj? sloped 
. jteaih, fasecrpable or expandable fiaa, scre^ hooks, serrations, ribs, sad fa 



I f O 0 ; 1 13 1 Fuxthemsore, the upper axtd lower endpktes of disc 200 also may be 
ieoated witt abons growth isduemg or coadsetmg substance to promote boay fagjowm to 
' jpoMOT^y aeoare the diss to the adjaewt vertebrae. Alternatively, She ^ lower 
i^hte may have a roiled smfk^^ponms surface; laser treated ee#l«e layar, 
jmtegsate ssa osteocomh^tlv^oiSOatodxiiatfTC scaffold; or may beprowded with jsr made - 
jfimh aa integral osteoinductive aad7or.esteomd«efiye material to promote hwiy ingzawth. 
j -TOM] Bqjeaimg cm the k*ifitioa of the spma where me diss 20© is in^lshtod, 
jth© dise-200 may restore beight^-lorfosi^.stiffbess, offer compression sstiffli^kd alJow a 
jrarsge of motion Intended m mimic that ©ftbe natural intervertebral diss, or asjfeqmwd fear 



[004 15] In addition, prgferab^. gg sMseussed with pswmm anho^maM, the . 
s^rfkees of disc 200 ascJade^W^e® polish or similar wmr *w*k 
TiHI fejjsh, etcis order to mmimke wear, decrease psrtfel® 
disc life. {\ .'.[ 
; ,[00p 16] As a result of the missals, geometry, sad components nsedj diss 200 
allow lodem/estlfflsioa, kteral h&ndM^ aria rotation, and translation, d^sodbg on 
She loading conditions imparted pa the xatevertebial disc. In addition, under various spinal 

d ^re eaa variably compress? rad allow for difj&ssat 
regions pf the slotted core 2U to eompreai i fa different amounts, depending on. the. location 
sikI type of spmal loading, thus ^wfagdif&em regions of the esdplates 202^ 204 to fee 
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jcompse^sed different amounts. This variable compression of slotted ©are 2lfe aijsa allows 
• i&r a mcfving instastsueosis axis of relation- . • 

!' : : £00117] With reference to Figsre; ?, a fifth exemplary embodimmtof asa 
Bntereratebral disc 250 is shown. Disc 250 has a generally circular shape with as upper 
ydpkts 252, a lower endptste 2§4 e aeap2S6 and a ring spring 258. Disc 250, however, 
jmay take on other shapes that prefeaablybonforrn geometrically and anatondcally with 
jadjaceni vertebral bodies, including, but not hmiied to, kidney-bean shape, oval, annular. 
ItsMpmid, C-shsps, l>-slxspe etc, • ■.*". 

.• • -[00118] As shown, the lower esdplate 2S4 preferably includes & pocket £60 
ilocatedbn its inner surface, the pocket 2&6 is designed to receive a ring spring 25S having a 
jtapenedonta; surface, and a eylmdrical inner surface. Preferably, the pocket 26§ fam a 
' |bpe^" iHS3Es-snr&ce for mating wife the taperedoutar surface of the rirtg spring 2S8: 
jAUhongh pocket 268 is shown as having a circular or conical shape, the pocket 2pS may 
;take on ksiy other shape including, but not limited to oval, elliptical, Mdncy-bem, or 
i rectangular. : ■ '. •"• 

j • . . ' [001 19] Pocket 260 may be larger in dimension than the ring sprmg lSI to allow 
■[the ring spraag.258 to translate within pocket 260. As with the pooket of the previous 
lemboaimesit,, poctet 260 may be ^jsdfieally dimensioned to allow linpted taaslaSion of the 
ring inking 2S® in oxss direction. By allowing translations! movement, a moving 
inst&ntaeous axis Qfrotaikm is createdLThis moving instantaneous axis of rotation mora 
matea% repHeate fee motion of a nstsmd intervertebral disc 

£00120] The dig© 2 SO may alsp include a ©-ring (not shown) or sismisrtype 
jstpscta^ such as a lip or a ting located within or adjacent to the pocket 260, tereiara the 
ring sgmng 2S& in the pocket 260. Ahaaatively, the ring spring 2SS may be retained in 
pocket im by any mm known is the ah including, but not limited to, welding, press- 
fitting* staking, or bending. As prraonsSy stated, the rixsg spring 258 *s mainMned to th& 
pocket 260 m, & maixc^ permitting the ring spring 2St to trai^I^e^itfe pocket 2«0. Ja 
embodiment, the ring spring and cap} may be retained in .the pocket 260 by a lid mat 
©stages the lows endplate 254 and that bovers at least a portion of &e ring spring 2S8 

[00121] The ring spring 25S is preferably a spring-like element thal wnpresses 
under axial loading to provide shock absorption, flex and compression resistance^ Although 
sbown as havmg a general "CT skspe wi^b a circular footprint, the ring spring 2SS may he 
any ste shape including oval, rcctangnhn, elBpricat, and kidney-bean, Psefeabiy the • " . 
shape of the ting spring 25$ matches wife ihe shape of the pocket 260 formed on the inner 
25 
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^surface pf tl^Bwra: eadpkte 254. . The ring spring 25§ may be formed of assy gj 
material known la the art inchiding, for 'Sample, ceramics, composites, poljTc§sr$ or rostals, ' 
such as cobatt-cbroiaium alloys, stainless "sis©! and titanium alloys. ' " 

[00122} As shows, the rissg^prfiig' 258 has & top surfece 264, a bt#sm surface 
26&: saKmter smfscsJSS and an kner ritrfaee 270 defining a central bore 272{foe mating 
■mSh a shank 276 formed on the oap 251: ;Preferabiy, the outer surface 2£8 of fc itog 
spxkg.ISS is tapered to mats sad. engage with the inner surface of the pocket 200; fa 
"addMcavtls© ring spring 25® may include at least one slot 262 formed and/or ejtai into its • 
. periphery. The slot 261 may be straight or carved sad may extend horlzonteJ^>?eftially, 
•or obhquely. The slot 262 may also vary in. ksigth and width, .fteferably, as ^owaj the 
ring.^ring 25i ^scludes one vertical slot 262 extending from the top surface i&4 fee bottom 
sarfce 266 of the tmg spring 2SS» and e^teH&jg from the outer surfac® 26S t| ite tuner 
..surface 27® of the ring spring 258. lbs inclusion of this slot 262 facseases fesf 
mmpressibffity of the ring spring 258 and fhus provides additional shock ab&ifei% 
gu&te tern© ^250. ■ ! }. 

• {001233. Xa an alternative esabodfmeni, fee ring spring 258 may jjw^pprate a- 
:ptaffity of slote2« {aot shown) rosaing fiom ihs top and/or bottom sarfac^ 3^4, 266 
part waytfawsgfe the thickness ©f the ring spring 251 to provide desired eomppsive 



: [00124]. lW diss 2S® may aip;ipdnde a c 
section 214 and a shartk 276. The jmwtoe between the enlarged tody seotiaai^ and ft© 
shank 276 may fam a shoulder 278, th© jh f nk 276 e configured md rff»n«ti*i'jofd to he 

■ reesivea wi&in the central teres 272 of flip rang spring 25®, and the shoulder eiiasggsaal to 
: essgage fee top mxism 264 of the nag spang a© that the cap 256 may sit on to|i" of the dag' 

! spring : 258 wfem fee two pieeea are assembled, fa cms eoAodiment, the costal bora 272 i$ 
; Mgsr than fee shanfc 276 feus psamittiag conspsssion of the ring spring im^h derate of 

■ fee m created by fee at least one slot 2fe when a compressive force k jriaco^m fee disc 
2S& Also, providing a central box® :m?wMea is larger than fee shank 276 m&ypmm fee 

;e^25^totanslatowffere§pe^ . ■ 

i ' ■ [00125] As previously drabed, the shoulder 278 of cap256cm4p*st&tnp 
:sarfhee - 264 of fee riag spring 25%i Thua,_ axial loads applied to fee cap 2S6 maybe 
tr&psmittei directly to the ring spring 25%, ptesriag it down iato the pocket 26k Aa to ring 

is pwi into fee pocto fee. tep^ outside surfed MS of ti ring 
j710to«»ftcs the:tnpcrcd surface of the pocket 260 s is the process compressm^ihs at least 
joaeslots-262. lins elastic compression of ring spring 2SS under axial loading 5 provides fee 
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-dtsuedfthodc absorption and conq>ressi4ar«^tance. The size ofmAvm&Ktt&Atti* 
•pnn^ id fto ring spring may ' ■ 

' ' 100126] The axial displss®mil of the riag §pr^g 2SS may be limitedby 
5 d^ressmg.fes depth of fes poeke£ 2CQ, fe^y, decreasing the width of the slot Z6%^y ' ■ 
. imasing the thickness sad/or length of the shank 276, or by a corabksrioa of imy or ail of 

• these options. Alternatively, a coil springs elastics layer (both oet shows) sssjl he suppled 
mmepoels&f 2®"0 to provide an upwisdbias &e ring spring 2SS, 

/ |00127] The disc ISO, as previously stated, also includes an ta^e? e^late 152. 

10 ■ Preferably* the toner surface ©f the nppsf.@adplala 252 includes a mating surfeee. 280 wMefe 
is ajmesasianed and configured to mate with the top surface of the enlarged b«dy section . 
2f4 ©fine cap 256. Preferably, the mating surface 280 on the upper radplate 252 has a' , 
coscayo surfece configured to articulated* a convex surface formed ontheiqp OTfaes of 
the cap 2S& Aheniativcty, ths mafeag s&fifecs 280 may comprise a ooavex surfpse aad fee 

25 top surface of the cap 256 maybe concave. As previously described in relatiOAto other 

emb<jdimestl® 8 .the degree of curvature rnay be adjusted for either or both sdrfeefs in. order to 
provide ths desired articulation aadVor t^asiation between the upper endplate andttiecap. • 
.25*. •■ - .. ... v.-, ■ .-. 

: [00128] In an alternative embpdhnent, the mating surface 286 is pmpded as s . 

20 ' separate piece Scorn the upper endplate-^52. The matiag surface 2S© to such a esse may : 
oemprte -a material different fi^in that df the endpial© 252 (for example, the eajflylate may 
\ tetiMnfuu while the mating surface may be a UEMWFE)- The articulating, s^fsces of . - 

. ■• ftrnffa, TIM finish, etc. in order to rninhtdze wear, decrease particle generation, jspd ketease . 
25 ;&oli& . ' J . ..... ..- I". , . 

; . ."[00129] fc-.«n alternative erriKsfiment the. separate cap 25g may h^ilisiioatsdi 
:- and fed sing spring 256 may toee^porat&'a' convex upper surface 264 sonfigured to articulate 

• jWtthmthe.maiiag.^^ . ; . , 

J0013Q] The disc 258 of this, eksbedimeat may comprise teadditioil fcaaires • 
30 . dsscribed previously wife respeot to fee><jther embodiment*, such as imgmtioa'resistaot • 
\ strueturess permanent fixation features sheh as porous surfaces or coated surfsofes, and/or • . 
implant instrument attachment, gufdisg^asd retaJntog structures may be included on 
;ea&plafeg252*254. Fmharmore, fee cms? surfaces of lb» upper axtd lower srt^&tes 252, 
j 254 may be substantially flat, wedge-shjgsed, em. The outer surfisces of fee ug^r and lovfe . 

35 j gadpiates 252; 254 may also be dome shaped with their radii defined is the. ; $agftfel and-- 

! ' : . i- . 1 
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cotpna! [planes to gesendiy match the sh^pe of the ends of fee adjacent vs 
providing & better fit /h situ. The outsst^sd^s may farther comprise »» 'eastwiw gs^ov^ 
• . slojUr other features appropriate to ailo^'the disc to be engaged by aa insertion insfraae 
Preferably, the upper md lower endpktes 252, 254 are made from metal. However, fee I 
S upfcr.aad lower ©ndplate 252, 254 may a^onatively be made from other tmstmaJs as ! ' 



• [00131] Disc 2S0 may also ki&ksda sdffcess restoration featores simA a? aa | 
elastio'SOTabraie, as elastomer ring, bellow, sprigs, or fluid ss previously dtessed In; " 
is^osss to other embodlmfiasts. Disc 25p may also Corporals aay of fee shook absorbing 
. . feaWs prervioasly discussed la relatfengta oihst emkxhmiwta. ... • j 

; [00132] Depending oss the Zqjgtfoa of fee spine wlw fee. disc? 2»!>lmp|antei 
the disc, 250 preferably restores height, jgidosis, stiffisess. oflcrs compression sffi&ess, md 
allows a range of motion similar to that described in relation to previous embcdsnents. 

■• [00133J As a result of ms materials, geometry, and compan^xts aged* dise 25© 
eass allow flesdoa/etteijsion, lateral boac&g,, axial rotation, and SrsmsMoH, dqwjdmg ok 
thoSoadisjgcmjdita, In addition radervarioas spinal loadbg ot^iIoms thariag ^riqig • 
2% can eoji^ress varying smmmts, T$m vaiymg compression of ring spring 2SS allocs 
foj « sawing ffiHtemsaeous sods of rotation, & addition, the ring spring 2SS; s wmit Si '. 
di*$emnt regions of fee diss 250 to eonmpsss varying amounts. 
. j:' {00134] Wife referee to H^S, a M 

"mfev^tolfcSO© ^ geaer^y areolar witt arrnpp«- 

• enisle 302, a lower endplate 304, and a winged leaf sprmg 306 hsvmg lateral 

H|e disc 300, however, may take oa oth# shapes that preferably conform geometrically smd 
anptpmieally wife adjacent vertebral bo$es, including, but not United to, Iridney-beaa \ 
sfcj^'ovai, amte, eSapgoid, C^hape. i^shape ete Q&er features deacnTHripwvimisly 

• w|h respect to the other eafeodtaents, sach as migration restamt statures, penpaassl : 

• fixation features and/or hnpksl instrument attacteieat, guiding, and retaining ptroctures : 
| may ato be included oa the outer smMjk of endpisteg 302, 304. Pw&mmom> fee outer 

; si^ees of fee esdplates 302, 304 m&yhp ^bsfcandsjQy flat, wedge-shaped, etc. Xbg 01Ber 
Sttpees, of fee .upper and lower endplati 302, 304 may also be dome shaped wife their" , 
•rs|fide^edfeitesa|d^ . 
. t^adfaeem vertebral, thereby pro^dmi' a bete fit in situ. Freferabiy..the opper and lower 
( plates 302, 304 am made fema metaLI Htwev^ fee upper and lower endplate 302, 304 



\ «4y altemaiiyely be made fern other rriteials 



as already described. 



2S 
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[00135] As shown, the lowa-jaidplate 304 preferably includes^ «ttp#3tt : ' 7 

' portion, of winged leaf spring 306. The lewer endplate 304 may support the winged leaf 
spring 3»S along at least a portion of its lateral ends 310, and the center portion SMof the 
5 lesf spring 306 sits within the cutout $^ there being a gap between the bottom sur&ce of 
til© leaf spring 306 and the bottom siarfeee .ofthe cat-oat 30S- Thus, when the leaf spring is 
: subjected to an axial compressive load, "the lateral ends 110 may Hex, aHowingihe txnter 
. ' pmto&!4 of jtheJeaf spring to be pressed down into the catgut 308 initfl the botkan : 

' snrfaceofthe center portion contacts the feoten sarf&ee of the cut-otit 308. Hie ssize of the 
10 initial gap between the leaf spring and the; cptout may be selected, along with the stiffisass' 
i of the literal ends 310, to achieve a ded^; compressive stiffness, as well as amajdmum 
axial compression* ef the disc 300. The lateral ends may have stiffijesses that are. 
^siiMJsSantialry equivalent, or their sliffhdpesj may be substantially different lUScewtee, ti|e 
: bot&m<of the eyt-oisi 308 may be sjibst^Uy flat, or it may be angled to altof greater : 
I S : deflectitom of the coster portion of the leaf spring in a desired direction. The ^fcaesses ^od 
, ' gapsmay be selected as appropriate So mimic the properties of th© patient's mrasal" 

: isMeWertfebral disc, or as appropriate to.thepai^c^psocedme. 
. - ;[00136] Finthar,.the d^3thofiif cutout 308 nay be prcfoablydK^eaots^ to 

: aflow. the winged leaf spring 306 to flex, however, it is more preferable that tae depth ofth© 
20 ! CTjK>33rt30S m not m deep as to prevent; faliwre of the flexing portions of th© winged leaf 
: spring 306 as fkadag of the winged ieafsppng 306 provides shock absorption, and • 
. con^p^oBresiataaee wbidi k preferably designed m disc 300 to mimic fte compression 
.jresistasee and shock absorption ehsaetsristo of the natural intervertebral disc, ox that" . 
provides &ec^^ 

25 [001371 Altt»aghent^ 3jp- is. shown as having a rectangnlar shape, the cnt~ 

! out 308 may take ©a say other shape inelading, but rust limited to enwular, oval, eHiptieal, 
I . Mdneyrbesj, or rectangular. The cut-Out 398 may be larger in dimension than the centra! 
; l^y portion 3M©£ winged Serf 

* winged leaf spriag 306 within the eut-ont ;By allowing tr&nslatios&l movement, a moving 
30 | ins^atkneom asds of rotation is created; wMchm©i©iutin^]y r^HestesthenKJtion.of a • 
.. ^natoalfetevmdsraldisc. ! .. . '; •' 

i' [00138] The diss 30® may ioc.hfdc an upper eodplate 302 having h mser suifaoe 

I eempriimigamaiijagsuir^^ 

■| arfoiMing sorfes« 312 cm the emiral body 314 of the winged ie^ spring 306.i Erefsrably, • 
35 ; the making surface 316 is concave. Alternatively, however, the mating stafaee'may have s 

29 
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convex profile,- and the mating surface 3$4 of the upper endplate 302 mayte ©skvesjjsBfi 
fee ffltiodWig surface 312 of the ttmtxtti body 314 may bs concave. As discasssd j 
pmnm&ly m relaiios to other anbodimbsts, the degree of curvature of the cowmdmmm 
surfaces may be selected to provide the dashed amount of artsculatioB to rmtmc&ie • 
properties of the normal intervertebral diss, or may be as required for fee particular 

pEOCedUT©. . ; . 

. [00139] fa malteraaSiv©sm|odta5es3t the lateral ends 310 of the winged les£ 
spring i@4 may have & cxussimL Mehim, tm&h and wi&h. Alteaatrvdy, thslalemS mds 
' 31 Oioay have a variable thldmess, ksg^ ssd/or width. The transition from tfcst lateral: 
emfc 310 to the central body 314 may b4 gradual swb that the thickness gradually ' toeiscs 
fem fees outer penphery of the lateral edge 310 toward the articulating swrfaoe 312 Or if; 
may be Mrly abrupt !o addition, &e w&tged leaf sprmg 306 may includ© ooe or more slots 
or grooves is either me lateral ends (set shows) to fknher increase the sprmg** flesdbiBty. 

[00140] Although show as Skvftig a redaagtdar shape, the winged leaf spring 
■ may fee any other shape ischsdisg oyal, circular; elliptical, kidney-bean, etc. Pre&rtihly 
this shape of the winged leaf spring 30Sjmatehes wife the shape of the cut-out 3p8 fcrraisd 
oss ton mner surface of the tower eo^l^a 304. The winged leaf sprmg 3W is preferably 
formed; from materials merudlng, fox example, ceramics, composites, polymefsjor mdals,, 
sssdh ai eobah<tomxura alloys, stainless steel and feanium alloys. 
• 100141] Alternately, the dL 3 
. shmxm% oonfigured to retain the whjge^'k^apring 306 in the cute* 308„ feus preventing 
the apimj 30« Jrom dislodging, fa thi^mstahc*, the lid or risg member may be attached to 
fe© lower endpkte 304 after the wragef leaf spring 3 m is placed withhs the.ai&wt 3§f , 
• The MdEor ring member may be attaehsgi to the Sower endplate 304 by amy fixation means 
teswl fee art inelndhsgs, otst net lijnfted to pins, screws, weMmgv teadJ^ pn^s-fit, fete. 

[08142] Disc 300 may also fectede stiffeess restoration feateres smh m m 
ekstic membmae, m elastomer rings bellow, springs, or 0uid as previously discussed in 
rehstkm to various other smksdhneals. /-Disc 300 may also msorparate addst&tt&l s&ck 
; absorbing fdstaras as previously dessriied m relation to ether enshodimests, fa example,, 
: m&iui&mnhsg portions of the diss ihssk elastomerk material, ete, • ■ 

[CK3I43] la addition, the ardewlatiag surfitces of disc 3 W may be provided with a 
' surface polish ox similar wear redudsg^sish such as diamond finish. TiM finfeh, ek in 
order to mmiraige wear, decrease paxd|le gmeratf on, aad merease disc life. 1 

[00144] . Bepeudmg ms ih& lacahoa of the spins where the disc 300 h hnpianted, 
the ; d^e 300 preferabiy restores heigM^Mataml spiae cmve <or sagittal balasee^ sti&tess, 
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■ offOT Compressioa stiffness, and allows* rmgn of motion stellar to that feepfeed in 
reklixmtopreWoussmbodijnerstsj 

[00145] As a result of ihe raateriak, geometry, and components wed,* disc 300 
can allow flexion/extensiotu Isteiil bending, axial rotation, and translation, dqjmdfcg.oa 
5= the locdlBg conditions iiRpaitsdo© the iaiervertebral disc. ' : 

••. ! [00146) With reference to Figure 9, a seventh exemplary embodiment of an f 
•* intervertebral disc 350 is shown, Disc 358 to a generally circular shape with aa sapper.- 
. m#lste352 s slower eadplate 354, a lerfspring 356 and an articulatiag cap 353. However, 
the diso 35© may taks on other shapes that preferably cantons geometrically mi 
10 Btnatbmicslly with adfseeat vertebral bodies, including, but not limbed to, kidney-bean 
shape, oval, atmulsr, ellipsoids C-shspei-iJ-fepe etc. Other features dsssoribed prwiotmly 
wltbitesperttaote 1 
fioiiKm fe=a&3rsa and/or smpkrtt isisSruas^jt attachment, guiding, and retaining stffictinss 
maybemeMded on endplates 352, 354/ Fimhermore, the outer s^rfeees of the upper smd 
15 tower eadplates 3S2 5 354 may be substahtiallv flat, wedge-shaped, etc. Tte ©ute swftbes - 
: of the apper sad lower endpktes 352, 34may also be dome shaped with their radii defined • 
in fee sagittal and coronal planes So graeralry match the shape of the ends of tb* adjacent 
wtehraj, thereby providing a better fit i* sim. Preferably, the upper m& lewec endplate* 
. 353, 354 axe made fiom metal However, the upper and lower mdplate 352, 3» may 
20 altem^TOly be made from other mater&ta as prevjottsly described. . 

•.. [00147] As shown, the lower endplate 354 may comprise a firetrecess 362 
d^fis^byapmrof'Smdmdderm^tes364. Tlie« shoulder members;364 are ■• 
• configiired to support leaf sprisg356 along a bottom wdace of tfao.leaf spring near its outer 
perimeter* creating an axial gap between fee leaf ^ring 3S6 arid th© recess 3^ Tte^ 
25 • whets m axial load is applied to the tesp-sssfeee of the leaf spring, it nmy ifac tow»d and 
•;• into" the recess. The i^offlrrtahoBlder members 364 may be integraMy fomirf wim ffi© 
lower. sstdplste 3S4. or they may osmpxisfe separate pieces. . .... : . 

. [00148] . : The lower esdplsMp* fortes: may have a pair of ssamd ahotsMer; 
members 3iS§ located axiaiiy above .radially outward from too first shoulder msmbsra 
30 364. The second shoulder msmbws 36®;sre coofiprod to engage the perimeter edge of the 
leaf spring 35$, to reiam the spring iatessUy (Is. translationally) to &mm that toe leaf 
spring remains centered with respect tor-fee first shoulder members 364 and th# recess MX 
. thus assuring sppmpriale spring flexion. The second shoulder mmfeers 36S may be 
configured to restrain the leaf spring sq m to prevent all tnmsiational movsasesa. 
35 Alternatively, however, the seeoid shotjid.e? members 365 may be laterally ©feet ftom" the ' 

31 



WO 2IHM/016217 



PCT/US2O93/02S536 



25 



, - ksfsgiing.iB at least ess direction, &os.ati©wiag the leaf spring to temslaslha Ji© & least " 
.one d&wtioa. By allowing such mnsh^m^. movemeat, a moving iastantaaeojjs axis of 
iotad©» is created, which morenataaUyj^Hcates themotionofamtoallBtew«Aral . 

[00149} A cove? plats 360 may be provided to cover the leaf spriag^ preveKtlag 
rthe le^sposg fiom moving sscj&By ©si engagement with the pairs, of first anji second 
shoulder mfflifcWs 364. fe this msbodWmt, the cover piste 360 may be attadSed to the top 
:tefls»,of fee pdr of second shQnksrxumb&s 36S The cover plate 36® imylb© attaefaed 
to tbeserond shemMesr members 36S byjsiny fixation means known hi fe® art xnksdiag, tool 
\aosfnstedtnpms8-g^ Thecoyarptealimaykv© 
. j m ©ate perimeter sked to approximate, tjse outer perimeter of the lower aadpi|b 3S4* m& 
m inner opening 369 sisaJ to accept m-s^catesoa element (to be discussed mmxm detail 
beipw); The cover plate 3g0 iimer opening may mclmle an upwardly extesjdmg mijtar edge 
367 that may set in oombmadon wife e.^s^soJidiag surface on sWupiwen^JateJM to 
.limit arfoiktkm of the dx$&$S®, The co^plale^y also fos^nfigu^ - 
imotism. uufcrameot. The mbodfcnem^Fignre 9 iU^ 

' separate dement fe>m tb« bw e eodplafi 354 s however, m sts alterative embedment 
; stewnmFigsw 9a, the leaf spring 356 xtjaybe Integrally formed with fee W endplato 

-4.'. < 

: [001S0J The leaf spring 35Gftuy be a spring-lite elamemt-fhat tasimder soda! 
loadhs^ to provide ahoek absorption, Mod and compression redstante. ThJteaf spring 
; 3» ««yl»v«* imifomx feic&aess, orifijkekness may vary. In the ^» w,y^ ffliianfled 

• in Figure 9 4 the leaf spring has a g?«a&riMelmess is the center fhanftt its a ft© 

■ embodiment illustrated in Figure 9a, tfagijaaf spring is thicker at the cents* anilhe ends, ml 
■" haamimer segments between the' endrtod * s «ntar, rendering the leafspring'w&fc a 

• :ws«©d shape when viewed to erots seefkk The leaf spring may have my tMefcaess 

. appropriate to provide the required ahoefcabsorption, flexion and coaqmnSoijaiatinoe. 

imiSl} The leaf spring 3S6^aybe formed ton any appropriate thateM 
known; in the art, mriudiag, for ssum^eta^cs, composites, polymers, or metals such as 



30 s • cobalto&KQraium alloys, stainless steel jjad titanium alloys. 



[00152] Articnlatsng cap 3$ jfoay fee provided with a convex WMfauhlitt 
SfflfeJ^f and with a lower, letf^^^ngBgihg. P^trtmo^SlQ, Thsmtk^Mmsm&m 
MSinay be counted to mziz and erd^late with a mating surfaced! toed on the inner 
snd^ofmeiippermdplataSSt Tfaejferting surfed 371 may conipriseaeanewe 
3S surface eontesponding to the convex surface of the articulating cap 35S&, Alternatively, the 



32 



W0 2004/016217 



PCT/US28O3/02S536 



upper eadplate mating surface 371 may $e convex and the top surface of flb aiticularing cap 
'35S may be concave. The curvatures of&ie respective articulation swrfece 361 and mating - 
surfece 371 may be selected to ptevide1h« appropriate type said amount of articulation 
and/or translation to mimic the movement of fee patient's natural disc, or as required for the 
5 pardeuSaxpreHjedujns, ; ' : 

■ " [00153] The mating surface 371 of the upper endplate 352 may be integral with 
. J the endplate, or as illustrated in Figure 9a it may be formed as a separate piece and attached 
to me eadplate using my appropriate fixation method known In the sat, aad as prwiomly : 
■ described for other snsbodiiseats. Whitened as a sspmie piece, the matmgmsfecs 371 
10 Imaycoasprisean^^ ' 
described as appst^ate f^^ The 
' fiMtmg sur&o« 371 may be recessed xate.'a raised porfiors 371 of endplate 3S2, which may ; 
snow me endpbto 351 to be relatively fern without Hmltfog the radius of cmnratore that may 
; be provided for the concave roaring surfece 371 and/or requiring the mating surface to b© 
15 : too shallow. ]/! 

. "[00154] llagnu^portio&^ofmeu^ 
; face 374 laving a raised faces height U K?*, The raised face 374 may be configured to engage 
toeupwolyraamfe^ . ' 

'.- articuladoK of the disc 350 mat least one direction. AltenuttmsSy, the raised fisce 374 and 
"20. meupwa^yextendm^ 

all directions. In one embodiment the raised feec 374 and inner edge 367 may be 
configured to limit articulation of me ifse in a smgle plane oaly, {a^ the medM4ateral 
plan®); The raised fees 374 and ismeresjge 367 may OHBpriss ^y c<mbinalk)H of 
. configurations appropriate to provide thjedise 350 with the desired rang© of artaalstkwt in 
. 25 al ptoses, Thus, me raised 6ce 374 h#|gat may be different at different toeattaw 
at&n$ the disc, ftsr example, the hei#| ^ , * may be smaller on the anterior -mi. posterior 
sides of the diss 35© and greater on tte; lateral sides of the disc, thus controlling the degree 
ofaitieuIan'onmmeantsrior'^o^morJ&eetioa. Alternatively, ihts raised fecis 374 sad 
Inner edge 367 may comprise mating surfeees, mch as fiat fees, eoxrespondmgly carved 
3.0 sur&ses, augfed faces, stopped feces, §t#: s to control the degree of spoliation of the disc in 
ttie desired direction. 

[00155] The bottom s«rfec§©f fee arficulatisg cap 351 may f^qr emapris© a . 
prntmsien 370 which is dimension's^ configured to mate with a groove 3« formed on 
the upper surface of the leaf spring 355,. Thus, the cap 3§g may ba a* least partially 
35 restenned within groove In one embodiment, groove 366 may be sized 1he same or 
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losfy stsgbtly larger than the provision 3p> ; thereby rendering the cap ms§witi$ ' . -" ' 
.transthsply. la aa alternative embodis^pj, die groove may bs larger &sjj.tJs8pmtaaaoa to. 
.. at least pnte directioa (eg; along the ant^or-p^sterior axis), thas sllewtog the cap 358 to 
: move transversely (le. translate) la toat|$rection during operation. By allowing 
5 .' tesaslatissa&l movement, a moving insts^toeous axis of rotation is provided IMsmcmsg 
. iassamaamus axis ©f rotation may mera'natarally replicate the motion of a aatoral : . 
• rata yetlebnd :disc. j : ' • . 

fO0IS6J AftemacivelY, the piMrusion 370 may be rigidly secured wrthia the ' 
; SWsiW, thus p e gr ait s io g so ixwd&txhki movement ' " ■ 

10 : £00157] It is noted that ahfe&gh me groove md protrusion are illustrated p . 

ha^sub^tially c^espoadmg rectUgaiar shapes, the protrusion 370 aad grooved 
may -tafas oa any other appropriate shap^jknown ia die art including, bnt not Waited' to 
circalar, oyal, elupaoidal, ate., to provide the requisite translational fteedont 

[00158] In art alternate ernj>pdimeat, shown in Figures 9a throngs 9c, toe leaf 
IS sprite* 35£ may comprise a post 380 axtlftbe cap 358 may have a groove 382 for rectifying - 
the peat 380, Tfa& groove 3&S and post^BS may be sized and configured to allow ' 
translation of the cap 358 with respect ^ the towar eadplate 354 in at least w three**®. 
When* the groove 3§€ and pest 38® are pfsafigBsed to allow tnmslatton of {he cap 358, Use 
cover plate 360 also oast be cesifigiin$to feat lte translating cap 360 does not tetorfiw 
20 -wmm® cover plMc oeater opening 3ffii : Titos, in such a case, the crater ojwmg may b® 
elOTgatrf os-xectaagula* in the dxrectkmbf taaslation, 

• £©01503 The upper endplatojsjsi may include a recess 384 f« readying^ - - • 
ar£etn)ttmg l^ert 386, the insert asviai * pon&ave surface 385 eomSgmecl to ariiaibte with 
^«*^artiadsti^ • 
5 eotarve arfoofcting inner! 384 say pn^de the surgeon with greater flexibility to adecttag : 
the appropriate material to comprise ^articulating surfaces while mi affecting the ; 
m^klofthesndplaiesas^o " (: 



sa of the ^350. Hot the fcsm 384 may be foimed of say applets material 
b?owa to the art mcrnding but not Iknijed to polymers deluding rigid polymers, such aa 
i PEEK or UHMWPB, emsmics, compo^ or ai^y combixmltone tWrf. / 
C00160J Whsa an arfculath||iS5ert38g is provided 
er^lateasamayeomiHises^acei^g^ HierecessWy 

^thattheta^y^^^^^^ Amatively, the insmsiay ba.' 

to the .ecess via a fit, by E psi^ a bondiog agent, or any oombimtioa thereof 
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[00161 J In an alternative embodiment, disc 350 may also toe!u& stiffoesa 
restoration features such as an elastic mesnbrarie, an elastomer ring, bellow, springs, or fluid • 
as prevk>osly discussed in relations ts otter embodiments. Disc 350 may also taroorate 
: Mdiiional shock absorbing features as piously discussed in relations to other 
•5 .exribodixnents. • 

[00162] la addition, as discussed with previous embodiments, fee grticolMirsg- 
s SBE&ces of disc 350 may include a surface polish or similar wear reducing feisn such as 
diamond fcisls, TiNi finish, etc in order to minimise wear, decrease particle generation, 
aMmerease disc life. 

10 • s . ' [00163] The disc 350 m#Wtes may have migration-resistant structures provided 
on She outer surface of at least one or beta of the cndplatcs to imped© msvemest, 
d3jskjdgH5& or expulsion of the esdplates within and from the ends of the adjacent vertebrae. 
The migrsJxoj^resistaxit structures include, but sure not limited to, flaps, spikes, tas% fes^ 
: depldyaMe spikes, deptoyahle teeth, flexible spikes, flexible teeth, aheraativeiy abused 
15. teefh, insertafole or expandable fins, screws* hooks, serrations, nbs, and textured surfaces, 
[001643 Furthermore, the upper and lower endplates of t&sc3S® also traaybe 
•■' ro#ed with a hone growth indnomg or pnduchng substance to promote bony ingrowth to 
' pennanan% seem* me disc to the sdjs^st vertebrae. AlteirsumVeiy, the upper and lower 
. • osdplates may have a roughened mztes&, a porous surface; laser treated endpkte layers; 
20 • integrate an osteomnduc^vg/osteomdu|rtiVe scaffold; or may be provided with rar mad® 

from an Integral osteoinductive and/m osteoinductive material to promote bony mgrowtfe. 

[00165| Dependiag on the location of the spine where the disc 3»k tarptaotaJ, 
th© disc 35® may restore height, lordosis, stiflSiess, offer compression stiffiie&s, and allow a 
rang© of motion iateodedlo roirxda thstsf tbenatursl mtervcrtebra! disc, csr as required for 
"25 : ^pssrticularpTOoedur©. j • V 

: " [00166} As a remdt of then^tsriala, geometry, and coropoumtsu^, dissSf® • 
cm slow Sexion/extension 5 lateral besiSIag, axial rotation, and translation, depmiing on 
the. loading conditions imparted" oa tbeitevertebral disc. : 

: [001 67] With reference to Figure 1 0, an exemplary installation jHrcedure will be 
30 described, Generally speaking the dise'400 may include m upper eedplat© 4$2, a lower 

endplate 404 and a core mssehaaism 4€j§„ me core mochanism being aay spring, slotted core, 
ring spring, leaf spring, coil spring, elastomer, fluid filled or articulating Mm previously 
described herein. The ratesvertefcrai dfee 460 may be knplsmted m a modular fashion, for 
.' example, the endplates 403, 404 ©f disc 400' may be inserted into the intervertebral cavity 
' 35 • using instruments such as s distractor and/or holder mstrument. The iatevertebral disc 
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space-may ita.be distracted using a standard spinal distractor which esg^es tEg esdptatel : 
402, 404. Trial- spacers may then fee usdl to determine the appropriate size o*'therr~re 
medsamkm 40&ia fee inserted is me resulting disc space. In an exet&plary.emo^ment, fee 
' core mofeamssa, 406 Is inserted and attached to esdplates 492, 404 through the use of a 
5 dovetail, slot, o? similar eanHSctios. TMs^modalar rasertion technique may avoid over- 
sflstracifeg the Hstevertebral space, wines' may damage surrounding tissue mdfm blood 
, "■ vessel ! . : : 

, . (0O16SJ Alternatively^ the ktefveriebrai disc 400 may be msmedpfeassaftibled * 

: wife, the a* of particular insertion tools, fw sample, an eadplate holding dipWy fee ■ • 
10 usrf feat allows the m#!stes 402, 404 to fee hsM and locked in a parailel aad ^saced 

isd^oship gs they are inserted km the ii^veitcbral space. Once implantable clip may- 
be mj&ss&sd and removed fem me eadplstes 402, 404. The clip may to' te novd from 
the temrerfehial space. & addition, feidise 40® may be implanted in a oranf^essed state 
to prevent ovar^klrnxdon, The fetrodsictf on of Hie disc 40Q in a compressed ijtesto may ba 
1 5 acrompMshed vie a surgical imatfkm Inkromsrst or fey an internal TOeehaakm fpoated m the 
• •. ; di»4W. ' ».'.... • .!' 

[00169] An anterior, l8te£iil,.&r: anterolateral surgical sppto&fih m»341|W5 used for 
' ItoiatECTOftsfeal diso 400. Fijfthenno^-depmdjog on the iQtem^taldisw4#tofce - 
• implanted, a minimally invasive surgical method or a simssltmeros dtootiod and 
20 impbsatetioss sorgieal method may be ased. Simultaneous distractioss and impksstetioo m&y 
b® sixx>sjpikhoji for example, by using slots formed on the outer swfeee of ^ emulates 
. 402, 4M to guide feo impkot down fesdistractor during implanianon. A^de^actdmgois. 
■ She smgvortdsgal diss to be implmtesl martiba'al Anterior LongitodifiLal li ff w foea^ or ft® 
ssftxnd Aatenor Lotigitudiosl ligameofsaav be attached directly to fee dise or to the ' • 
25 si|a»S vertebral bodies. Attachment of fee Arstmor Longitudinal Ligame^'may in 
pmvegtfmg sawmsss!, dislodging or ^ptebicsj of the implant To assist with ih© 
' smplattetitm of fee intervertebral disesf flie iKtervertebra! discs may include affigjntnexst . 
, maritors, :. : ' 

[00170] While various descriptions of the present inveatipn arc. de^rfbed above, 
30 it should be tmdarsteod that fee various featoss esn be used singly or in conuWioa 

them>£ Therefore, mis invention is sei to be limited to the specific preforedjmbodiments 
. depicted herein, . :' 

[001 71J Further, It should be understood that variations and modffisariom within 
i the spirit and scope of fee mvmtbo may oaaxr to those skilled in the art to wfdek me 
35 I invention pertains. For ejcample, some -porttoms of the implants disclosed berihVmay be " 
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formed of bone, such as allografts, autografts, and xenografts, which may bo patiaUy .or 
ftdly dcmmeraUzed. In addition, some plants may include bone malarial or other bone 
gawth jndncmg material in their mleriore or- on/in their endplatss. Such substances tit the 
mteaws may be pmnitted to interact with the sunconnding anatomy, as with channels or 
other holes fanned in the implant walls./ Also, intra and post-operative alignment madasra 
may bettsed to assist with implantation of the intervertebral discs. Furthennoie, the 
inl^OTteb^ T&* 
iKtevratebral discs may be made rigid fcy> &r example, allowing roaon between fee • 
mdplates, inserting spacers between Ihe^endplates, or by injecting a solidifying liquid „ 
tawOTa,tfa« CTdplsBtes, Accordingly, att expedient modifications readily attainable by one 
vwsed in me art ftoro the disclosare settfbrth herein that are within the scope and spirit of 
the present invention are to be inohidetfas farmer embodiments of the present invention. 
The scope of the present invention is accordingly defined as set forth in the appended 
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• fVltst is claimed is . . 

L An intervertebral disc f©£ placement between fast and second vmebrae . 



I • . $® endpktg having & &stioaer sarfaee and a first oater Efface, fee fe§| oata 

' j. • fe iower.eadplat© having a seeoniisner surfece and a second outer surfse©, this 
jjixoErf.oui^ to ©ontapt lbs second vertebra; : 

I ■ at least <me resilient member dii^osed between the appw and lower aaSplates; the 
ij^iMak member a&sockted witn at least' ©as arcuate surface member configarosd to 
artsralate within at least one socket ass&kated with at least one of the esdptate& 

i. 1 ' : ' ' •*•..• 

j ." 2. Ihelatwotebx^dfacs^lmgJodaim I s vdicrem^ealJea^tBSej^iljsiW 
raramber j&rthar coh^tIsbs a first end and 8 second rad, the fet md ass©dated,wi«Sj4he 
r, the second end'dwposed within a recess formed in the'inncr 



'3. The intervmebmS disc according to claim 1 or 2, wherein the at leasts 
annate surface member is fixed within;*© recess formed ob the inner snr&ce fjf one of tte 
»dpiates. • 

therein the at least one resilient membii further comprises first and second dids, each 



. The fatevestsbraJ disc ^mr&ng to my one of the preceding eJajpas- 1-4; 
at least one arcuate mssobsy m$& the re® Hent saaaabar «s configured tQ alfow 
jtami^oaal movement between the ap^ser and lower eodpl&te, -. ] 

wfcaeSa the at least one resilient mersbir, eesnprises at least one £rst mdMentinmiber aM a 
nhspisty ©f gesond j^est members." :■ 

; 7. The intervertebral disc-pbcotdiiig to claim 6, wfcerein the at least one- first 
jwHJi-t member ha, . first spring con^nt, ft. «t least one second Meat member has a 
the first tod second spring constants being substantially imeo^aL 
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g, " The intervertebral disc according to claim 7, wherein the ^ con8l ^ t : 
'.- is subst^ntMlyi'gr^^ spring constant, '!:•'" • •' : - 

9. The mterveriebral disc acjwdkig to claim S» further coixqsristogfa^Mrd 
re&Hen*member, the" second and third resilient members disposed nearer to a.pcjipheral 

5. ; edge of .the diss than the first rsssHerji mmxhst. : •. 

10. The intervertebral diss adding to claim 6, wherein the m^reaiient 
imember and the plurality of second resident members am each attached to at least one. 
.respectws srsuate surface membsr eonfigisred to articulate within a corresponsimg 
Kspectiv© socket formed on lbs in&er sikfto of one of the endplates. . \ *' • 

10 ' 11. Themterverteorddto . 

farther comprlsdng at least one elastomode strut disposed between the upper^d lower :. ' 

12. . The mtervertebraJ disc according to any one of the preceding; ejeims I - I l\ ' 
1 fcriha: oon^rlsang a casing member disposed adj wmi the at least one roalioi member, $m 

15 • caamg-msmber having an Krtieuiatiug stefece configured to engage the arai^par&ce ; . 
•. member asscsciated with the resilient member. ,] ) '. 

13. • The intervertebral disc a^rding to any one of the precediiig dflms- 1 ^ 12, : 
. wheran lh© sesilient member and amnite Ssurface member are integrally formed. : . ; 

14. '.The intervertebral disc aiwrding to any one of the prewdmg c^ixns 1 r. 13; : 
20" fiirfha* ^ompffeipg a membrane disposed between the upper and lewsg gndpl^es, the 

• ' membrane enoKpsulates at least & portion of the at least one resilient mambrarv; • 

15. • The intervertebral disc according to any one of the preceding cMms 1 - lj4[ ; 
wfeerem the membrane encapsulates the upper awl lower endplates. ; ' " : ' • 

16*. The mtervertebfal disc according to any one of the preceding claims i'- 15, 
25 whwda tbe membraoe m formes of a&ela^iru^e material. ; . : 



17. The ffitervsrtebraS disc according to any one of the pseceding'e&lsns 1 - . 
. whereas the membrane comprises a beflbw. ) '• ' . 
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• • 18. The intervertebral diss according to my one of the precediri%cfiams J - 1 7, " 
. whsreia&e en&plates and membrane defias m interior volume, the volume being at least 
JparikHy filled with a Said J 

' ; 19. ' The intervertebral disc s^xdisg to claim 18, further comprisisg a valve in : 
5 ccsamaaia^ioa with the vohime for at least partially filling the volume with the fMd. 

20- The intevstshrsl disc sd^dmg to claim 18 or 19, wheremtfci.&iiais 

. cw^Ia, . I' . : . • ; 

21. The interverteisral disc adverting to claim 18 or 19, wherein theltoid is : 
■ fs&&mpressshle. £ > 

10. • 22. The foterratetaal disc ae&nding to any one of the precedirjg cWms 18 « 21 B 
whereas the membrane is at least s> 

23. The intervertebral disc according to any oaeof me preceding ctoims 18 .-22, - 




= 24. • : The mtevirtd>ral disc s^sordmg. to any one of the preceding^atas 1 ".'23, " 
<x>B3astmg of mataJ, polymer* csnsnic s^d cosapcssstK. • |. ! 

' ' . 

25- The mte^eztebral disc ^cording to my one of the preceding dmsm 1 - 24, 
wherein at least one of the sadplates is famed of bone material selected fitafffce groap ' 
cansstpsg of cortical, cancellous, allograft, autograft, xenograft, donmeralfasS or partially 
20 deniunwah^bone. p ' j. • ; 

26. The intervertebral disc aeoorduig to any one of the preceding claims 1 -.25, 
farther cossmismg migrafioa-resiatant ibstares disposed on at least one of the first and 

■ aeOTad outer gyrfecss. ; . ■ 

27. Theiaisfvmgibrsl disc alcorsiksg to any oss of the praasdrag claims I ~26 ? 
25 fethsr .composing ptmnmmt fiction ipeans disposed on at least one of the first and 

1 seccssfl OBtsr surfaces. , 

'!'. : * 

2i. The mtervertebral disc askm&sg to any one of the preoodfesg claims 1 - 27, - 



idigposeii on at least one of the first or second end plate. 



tag. or 
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29. The intervertebral sSse for placement between first and second A^r&brae ' 

•;. 

a first endplate having a first inner surface and a first outer surface, the first outer 
' surface cmtaeting fee first vertebra; 
5 .' a second endplate having a second inner surface and a second outer surface, toe. 
. accond.Suto: siuxface contacting &s sstxM vertebra; 
!■ . a membime extending between i&i first and second endplates; and " " ' 

at least one leaf spring disposed between the endplates, the leaf spring %vrag first ; 
• and seomd end% the first end attached lij-the first endplate and the second end eomfigored "tb 
10 ha movable laterally along the inn er sarfase of the first endplate m tesponse to a farce on 

fee leaf .spring. • .' 

. " • ' A 1 

: . 30. The intervertebral disc aebotdmg to claim 29, 
eod iuriher comprises a roller configured, to allow the second end to noil along ih© irmer : 
surface uf the first end plate in resposs&'to a force on the leaf spring. 



31. The intervertebral disc sfieordmg to claim 29 or 30, wherein the second endi 
comprises axs axle for pivotsl)ly;n3sirsti8g lbs roller. : 

32. The intervertebral disc according to any claim 3 1 , wherein the roller 



33. The totervertebrai disc ^pbording to any one of the preceding claims 29 - 32, 
20 wherein the leaf spring finther con^sris^ an iatmnediste portion disposed befcroea the tlr$t 
and second ends, the intermediate portibn having an articulating snrface configtsrd to mate 
With fca imser surface of the second endplate. .} 



34. The intervertebraldisc according to cMm 33, wheremt|»im€S.3inriteof 
the second endplate further comprises ah articnlating surface configured to mate with the 
25 axtscelatmg snrface of the teaf^ringsiemjediate portion. 

: 35. The intervertebral disc g^rfm 

• the second endplate farther conrprises a'pad configured to mate wife the artic^^ting surface 

• ©fthe leaf spring mtermediatepoitton. :: , : -' ' : 

. . 36. The &sterverteb«sl disc abcordmg to any one of the preceding claims 29-35. 

30 '■ rmiiMr comprising a jriem&rane disposed between the upper and lower endplates, the J 
; membrane encapsulates the leaf spring? ' • . . 
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• 37. The intervertebral di^ 

%hsreiEtth§-msax5b?Siis encapsulates thettpper md lower sndpl&tes, j 
' . ' < 

. . 3S. The iatervmebral disc soso^^ 

! pwherdatbe maabraas is formed of sa dastomeric material j 

j • * 39. The intervertebral cMses^^ 
' jwfeema &e membtsne comprises & bsil#w„ " *; 

» . 40. • The ktsrvertebral disc fording to any one of the ptseedkg claims 29 - 39; 
wh^msi the endpSates aad membrane define as interior volume, theVOtase MAg.at least. 
parMyfillsdwilhaflmd. ' • 

41. The iatervertebml disc TOSordmg to claim 40, ftirthe? cos^ri&m^ a va&e is 
wish the volume for at least partially filling the vohmra with thfe SuMt 

42, The mtwertebrai disc sceor^ 



• - j "43. Ihsfafervertehrslcfe 
.15 j fccoflifre^Jks. \ 

| .44. The intervertebral disc ^confesg to any one ofifee prscolmg caress 4® - 43, 

\ wheels the msmbrssxe is at least saai~gmaeabl& f 

'■ 45. Tte IntarverteSrf dls^ 
wtedn &a mrastea&e is acm-pemeaMa. ■ : 

• ' 44 ^fister^erieb^ 
whoem art least oae of the esdpfafies kibxmed Asms a msterial aelested fesm t^ gm^ 
osnas^ i| 

• r 1 

47. The MsrvsrteteaJ dlse spomisg to aay one of the pjrec«fesg claims 29 « 4&, 
whereto at least one of ft© endplaies itfbmud of bone material selected fiom 4© gWup 
ooadstisg of cortical, casedlora, aBegpsS, autograft, xenograft, donmeraMze^ or partially 



4§. The hssiavmebral diss sscoKimg to any one of the prscedmg cliims claim 
29 ~" 47 s farther comprising migirfofrfwutaiit struetoeg disposed on at 1ml Ae of the first . 
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49. . The iatervertebra! disc according to any one of the preceding clifat$ 29 ~ 4^ 

seeoad order surfaces. . 

50. The istarvertebrai disc ae^adffig to say one of the preceding ei#ms 29 - 49 r 
5 wherein at least one ©f the esdplates is filmed of bone material selected frtm the group 

consisting of carries!, eanceHous, aHagra^autograft, xenograft, dersineraB^or partially 



5 L An intervertebral disc replacement between first and second vertebrae 
10 . a first ehdplate having a first innfr surface and a first outer surface, th&iixst outer 



a second endplate having a second ianer surface and a second outer rar|hee, the 
aecohd' outer surface contesting the seeojadvertebra; . '. L. 

a membrane extending between |be ; first and second endplatcs; 
15 an arrieuhrfing member dls^sasibetweeffl the first and second encrplatel; fire 

ar&eulatlng member haviug a first smd seeond surface, the first surface hdng ^figured to 
mate with fixe i&nsr surface of at least o&a endplate; ana 

a shock absorbing element disposed between the second surface and am of the 



52. .Tae intervertebral disc according to claim 51, wherein the inner sirzfkce-of 
oil® of the mddplates farther comprk^an .artioilathag surfaoe coaSgssred to mste with the 



53. Th© tegr?grt«teidiss according to claim 51 or 52,whoein.tlie);aiticuteix^ • 
stefisoe further comprises an ^sc^dstmjip&d. 

• • • > . . ' • 

"54. ■ 'Die intervertebral disc according to any one of the preceding dldms S 1 ~ S3, 
wham the articulating srtrface further, eon^rises a recess sized md eon%ure3 receive ai 
least a porfion of the articulating pad, the rscess furthest" configured to allow' the articulating 
pad to translate m at least oae direction with reject to the articulating surface, 

55. The ktervertebraJ- disc afceording to my one of the preceding zMms SI - 54, , 
; ftano-ecsapnidng a membrane dasposek between the upper and lower eootoiatea, fee 
| ra^srsfaane encapsulates the ssticalatmsmember, '■. 
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•. 5®. The Intervertebral disc aedp^sng to any om of the precedi^.sk^f 5.1 - 55; " 
wh«dn ihe membrane encapsulates the fc^ and second endplates. "t 

$7. The intervertebral disc swelling to any one of the preceding ekuM 5 1 - 56„ 
wf^eiu the membrane is formed of as etaflomaric material. 

' 58. The intervertebral dise 

wheiem me membrane comprises s belief and wherein the bellow esscapsutetMal least the 

: • ' ! ■ 



' 59. The tetervertehral diss according to any one of the preceding cl^si 51 - SSi ' 
whaeda flie.endpiates and membrane define m Interior volume, the volume befeji at least • 
10 partially filled with a fluid. X ] 

• 60. The mteverl^^ 

irommuBacsdon with the volume for at gasjt partially filling the vofame wifit Usepaid, 
6i. Hie roiervsrtebml disc a^&ordiag to claim 59, wherem the fMtfftf 

15 • 62. The iiJtCTvertsbral disc a«^rcMng t® cMm 59 or 60, wfeereba tb^^d is ' 

. |incOffl^«sabte. ■*)' ■ " : ' • * 

63. .The intervertebral disc aeppnfing to claim 59 or 60, whewfa tte|aantam@ is 

: i > • 

• : .64. The isterverteb^ 



20 

;' * -65, Tha isstevotebml <g£se ffi#oa^g toclaimSl, whaeiaatle^^'offfie 
; esidpl^to is fense4 fiom s material sefetod ftoss the group consisting of ta^polymsk 



. -66. The iatorvertebral diss spwitikg to my ©ae of the preceding olmms 5 l r 65, 
25 whereas at leasi one of the mdplatss is termed of bone material selected fisssf.ij» group • 
consisting of corneal easeeDaas, &33o^sd\ autograft, xenograft, demineraK&dW parriaOy 
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; 67. Th« Intervertebral disc sccosdisg tt> my one of the prec^&dl&ms 5 1 ~ 65, * 

forthsr coERprlsiag Hiigratioa-n^i^artt ssrustures disposed on at least oae of ti|e first and . 
;. second ouler surfaces, », j 

! 68. The inlervertebml disc acccfidiog to any oae of the preceding cfcims.5 1-67, 

5 : farther comprisiag permanent fixation ineais disposed on at least one of the |rat and 

; s«osd outer surfaces. {■ ■ : 

• 69. The miwertebrai dkc ^wrdmg to any ose of thopreosding^jsasSl - 68,. 

• : fesriher comprising implant isstnsseatssba attachment guiding, or retaining slnstctoss . 
disposed on at least one of the first and second inner and/or outer surfaces : 

10 ■ 70. The intervertebral disc . 



I a Brst endplale having a firs? inner surface and a, frrsi outer surface, fb» first oaiter 

I serfse© coutastisg the first vertebra; ' | ■ 

{ . " mssecondendplate having a second inner sur&c* aad a second outer sarfeee,,. the 

IS j second onto surface contacting the second vertebra; and . , !' 

t a slotted core disposed betweea ; 1he first and second endplates, the dotted com 

' having a first and second surface, the first srafece configured to mate with a pbdcrtfornied : 

; on the inner surface of firs* andnl&te, mid the sscond surface comprising ass. srtfads&ng 

\ sjwrfkoe configured to mate with a correspoBding surface associate! with the fcxorad • • • 

20 i 



71 . The iaterv^tebral disc ^scprding to claim 70, the slotted we- first ssnfece 
having a first diameter and the poektt having a second diameter larger than tffi fext */ * 
dismetssf so that the slotted- cor© snay taiBslais within the pocket* 

72. The mtsrvertehral disc Wscoiding to, claim 70 or 7 i , feather od^msksg a, lid: 
disposed between the first and secoad"=^slatei, the lid configured to engqgeiat least s • . 
paotlca of the pocket and the slotted ©bre to axially retain the core wMnn the pocket 

73. The intervertebral disc aceaading to any one of fee ptecediagjdsims 70 - 1\ 
wnemn the second srwrf&ee of the slot&sl core is configured to articulate within fee wad 
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.74. The intervertebral disc s|e©rding to my one of the preceding- eMms 70 - 73, 
&#ter©omprisaag a membrane disposal %etween ths upper and lower eodpBsfcs, ths - 
meikbxaao srwapsuiatmg at least the s%sd core and pocket 

' ■ . ■ 7S; The intervertebral siiss gsqoiifisg to dams 74, wherein the membrane ftsrfttsr 
5 «ss»sQlatotl!eiipp^mdlowsir ; e?3d|j&fes. . : 

76. The mtesvertebsal idiss adeordissg to claim 74, wherwn ths membraae Is • " ; 



77. The uJtervert ebmli diss $teJsdiKg to any one of tbspsweafag 74 
wis£3£'«fe fasmembraxie comprises a bellow; ; ' . 

id • 78. The intervertebral disc icfcording to any one of the preceding cUims 74-77, 
; wljeswa the eadplases and membrane dtefiae an interior vohim©» the whmse ifatog at leas* 
pa^aSfy filled a fluid. • : [ .* • ' ' \" . . 

7$/ . Th© interrateb^ 
' . cosWramprfon with Sis volome'for atSTeast partially filling the tfotaue wi&* ibe fMd. 

15 • 80. Thetem^ei^di^ 

compressible, . . 5 ■•*.'" " 

. .81. The Intervertebral di^teasosdfog to claim 78 or ?9„ w&cr&mihs fhsid is i 



\. 82. ThemtwertdH^disoipcoidmgtoanyoneof theirocaSjnseMps^TO-'Sl,, - 
2,h wherein at teast ose ©f the mdpfats s is^&rsssd from a matcnsl selected Soot fee groap 
; ©spsiftisig of metal, polyis^, oesamieii^l eomposit©, •"• ; 

: " 83. Ths isterv«obral disejeeoidisag to smy ose of the preeedsrig.ddins 70 ~ j&2; 
. ; wbsrek at least ©ne of fte sodplato i|ito5®d sf borte mals^s^eot^fesm'thogbup 
eensistmg ofmrtkai easeaUoBi* allograft, asatograft, xenograft, dsmmmsliwl orpsrtietty 



84. . The mtevgrtefetai diso^eedr ding to any one of the precedmg claims 70 - e*3» 
rarfesr mmpzismg asigratloa-reslstsasi; stmctares disposed on at least one of fee first sad- 
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• : 85. The intervertt*iia dis^ 

• far#sE comprising permanent Sxatioa jaeans disposed on at least am of the fist and 
second outer surfaces. 

,} • .86. The intervertebral disc fording to any one of the precedmg clsdms 70 -> 85, . 
5 .' ferite comprising Implant isstrameatagon attastaa&nt, guiding, or retaining structure* 

• disposed on at least one of the first atal second inrta or enter surfaces. 

: . : . 87. .An intervertebral disc f&r placement between first and second viert^brae 



• : ; • } . a first eadplate having a first timer surface and a first outer sorrac®, ffie first onter 
10. ]1 «ar&ce arataeting the first vertebra; 



a seoend eadplate leaving s sec4sd : nmer suifee aad a second oirfer s^aoo, ft® . 
: : se©&# enter fairras^ contacting the se^sd vertebra; . • 

. ' ~ • s cap having a top surface mid j&ottom sirrfece; the top sxnface being configured to 
. mate with the xox-s? surface of the festjemdplate; and 
IS , r- r ariog:spring disposed Isetweerfihe bottom surface of the cap and tbeiimer snrfece of . 



. " • 88. The intervertebral disc Recording to claim 87, wherem the ring spring has 
M oid second surfaces, the first mrfkee e»rifigured to mate with the bottom surface of tte 
: atp t and the second surface cosfigurel^to.taate with the pocJcet fanned on ttseismer smfisos 

20 



• \ 89. . The mi^rtebiiiJ dis^ 
: defining a gap between first and secorid end faces of the ring spring, wherdiih© gap m 
riaedl© allow the ring spring I© resiJtekly compress so that the end faces approach each 
"■ other when a. compressive ihree is plseed on She ring spring by the bap. 

r 

25 ■ 50.. Theteterveridrfd^ja^^ 

' the ring spring fwfesr comprising a fifst diameter, and the bottom sarfece of ft© cap having 
an ktai protrusion comprising a sososd diameter, the first diameter being sobstanfii% • 
largo? than the second diameter, wheels when the bottom surfeeo of the cap engages the 
top to stfrfaee of the ring spring,, thejesp may translate with respect to the ring spring. 

30 91. The intervertebral disss jssecsnbng to any one of the preceding claims 87 - 90. 

. . &rte comprising a plurality of slots posatedbetw 
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I -sSoksgerstms to tender at least aporttaaiof the ting spring resiHesaiy e*^K^T>l^wlsai a" 
' eeiMpfejpV^ . " • - 

The inim^dsnd disc a^^^ 
radial lip Isaviag an oxrtsr diameter krg&.thaa the first diameter of the rag spmg, the lijs 
S silowiag ttsss cap protrasiraa to be ps3Ss|pt into the ring spring Isrst diaxastecr, 

93. Hie is^ervertjsbral disc s^eOK&sg to any one of the pwxdmg claims! 8? a#2,. 
ftrfte csompnsfcg a lid disposed bot^eea fee first aad second end pistes, tiss Bd eonfi|pkr©d 
to essgagsat lesst a portion of the pocket smd either the ring spring or the cap to axialy ; 
ifttatoa©£mg : spri£!g sndtheeap witf^ihepodcet. . ..... 

10 '94. TlieiBtm^rtebrsadiso«|^ 

forth^ c^mpri^ ' : • 

95. Themito^ 

ftsrtlweoffi^ :' 
asopbkne ?sss£^>sulatteg at least the cap» ring spring and pocket ■ ' • 

15 96. The htoverteljmi disc ascoMisg to claim 95, whrarfeirj. tWrn^bxsne 

mc#rofateafes sippa? suod tower eais^ies, 

. 97. The mterswiffibral disc ieprdfeg to claim 95 or 96 s wherein the mejs&mio is 
fem^ofm^tomerionialmaL : [ !' ; 

98. The jBiervertebral disc .aisOTdiisg to a*jy one of the pwceding fiMmi'PS - 9-7; 
20. i^£3#ifeaj^^ . : : ; .'. 

, ; 99. The mteryertebrid disc ^xordmg to any one of the precedwg claims 95 i 98, 
wbearda 4s epdptetea and membrane dfifee an interior volume, fee TOlsfne B«tog #!es8$ 
. Sfati^ filled a fhrid. . : ' ' ■ i f : 

100. • Ti»xatm?srti^d^^^ 

2S commnxsiestion wife the vokms for sttejst partially filling the velssroe with ffie flak, • * : 

101. The latenrerteteal dlseioeordlag to claim 99 or 100, whertia the&jldia 

■ 102. Th«intm^ebi^diss^£©rdisgtoelaim99or 100, wfioe&lh« |&idj| 
ee^sssihle. 
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; i , 103. The mtervertebsal disc ixxx&xng to any one of the pre«d^-oMras 87 ~ . 

at least ooe of the ©adpla^ is formed from & material selected msrn the group! 
consisting of metal, polymer, ceramic and composite. 

• ! ■ : ?\ 

104. The intesvettsbral disc ascoxditig to a«y ooe of the preceding cisiais S? - 
5 im, ikhpxm at least one of the mdpktjfs Is formed of bone matmaJ sslsstedfibmilsB : ■ 
iroapleoastetmg of cortical, cancellous, allograft, autograft, xenograft, dennnerajized or . 
pmtsaBydmfaeralSaiffidboae. . ' ■ ■ '■ 

• ! 1 05, The intervertebral disc ^cording to any one of the preceding claims 87- . 
ib4, finite eetnprimi^ : 
10 .^-seeoad^isterswfaces, • L-: . ' .* > : 

206. The mtemrteb^ di^ ; 
ibSi ferfeo* coaoprimng pesmsnent fixation means disposed on at least one of the first md \ 
. second outer snrfaees. - ; 

- : ■ " ; v ; . : 

. .. 107. The mtervertebr^ : 
15 106, ftartho: comprising implant itissrumenlaiion attachment, guiding, or retaining 

stosctaw disposed en at Jeastjone ©f 4s first and seconsd inner or outer jsuurftaas. • 

10B. An intervertebral disc fer placement between first asd second vertebras 
comprising: " f ' 

" a fn^ endpS&ie haviag-a first ianer surface and a first outer satrface, the first outer . 
10" . :swfeee3onniai3tiagth® first vertebra; ■ • ■ : 

a sec%md eadplate bavifo^ 
" second outer sarSaoe coatactsng the §e|ood vertebra; " * ; 

. ..' r ., a leaf-spring tavtag f^ 
.endplate, and a length, the leaf ^^giferther comprising a cenlrai body having fet aad : : 
»S secoMsiufiee^&ofii^ 

- 109. The mtervertepraJ dkc^xra-ding to claim 108* wbewin the second oidplate 
farther comprises a recsss having & length smaller than the leaf spring length, wherein wta 
the leaf spring eagagss the second cambists so that the first and second ressheat ehds are 
sapported on the inner surface of tho endpkte aad the centra] body k positioned over the '■ 
?0 <aKtolate recess, at least a posrion of the central body may move into the recess whm a . 
compressive force Is applied to the leak spring Btst surface allowing the second gur&tx to . 
contact me surface, ; • 

: " ' ' 49 
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•vS!Q„ The intervertebral disc ^kmling to claim 108 or 109, fee re^; further ":" 
oorespri^ag a recess surface, the kaf spring second surfees and this recess surfaeet 
cexsfigared to define a gap &erel^twe» ; s© thai when a predetermiaed compmwe forc© is 
. . applied to the leaf spring first surfeee the leaf spring second surface contacts ^ least a 
5 r goMds of the recess surface. > 

-111. The mJerv@rteteal diss ^esrdkg to any one of the ptseedisg clasps 109 - 
. 1 W, wteia tfc centra! body and die are configured so that the leaf snresg may 
. translate in at least one dmsetiea wife raped to the second end plate, 

'] . * --152; The Movertebrf di^ 
•1® * ill, ^herein ihs first endpials fenh^soisprises an inner surface having ssa ajtkfalating , 
- sarfkis configured to eeirespoxid with the leaf spring articulating surface, '•' 

113. The intervertebral disc sesordrag to claim 112, wlj&ram ili®ariai!atksg. 
sur&ces are configured to allow the leaf spring to articulate, and to tran^a, tetatatfe to 4b- 
. : .^eodplate,: ''• 

• ••■ k ■ ; • • ■ ;/ . 

15 • •" 1 14. The intervatefcra! <Hsc 'awordmg to my one of the ptwedtog dbdms 108 ~ 
1 13, ferther comprising & membrane disposed between the first and second endplates.' 

. ; 1 1-5. • Tie mte^ertehral sEso.a^sojdtag to claim 1 14, father coraprisdiBg a 
membrane disposed between the t^iLd lower endpiates, the membrane ms^whtm%M 
'. least th© leaf spring. ^' ■* • . \ ' 

20' 116. Theintacverti&raldise^^ '. 

. 1 migrans OTeapsidates the first gml second ssdpiarcs. 



..- 117. . Ths intm^ttefed dJ^cccmhsg to any oae of the pnseedmg ©la&ig 1 1.4- 
ll&.TflsfiHsmiae mmifansng Is fenue*jf an skstomerie material '* "' 

! " 11.8. Theratermtet^dii^^^ 
25, 1 17„whman the mml^e eosnprises'g bellow 

: : ;i : 

119, The tatetvertebra] dkoysordlsg to any cm of the p^^s™ g ^f mffi j T 4 '_ 
1 18. wherein die endpiates and membrane dsfiss an interior volume, the volume btaiag at 
leaMpattjslly. fijjed afimd. j 
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120. : The intervertebral dike asdordrng to ciaim 1 19, further co^mslag a|vsJ^e ia^ 
dnication with the volume for at least partially filling the volume with the fluid. 



■ 121. . The intervertebral disc according to claim 119 or 120, wherein the fluid is 
incompressible- . * ■ . 

S • 122. • The intervertebral d&e according to any one of the preceding claims 108 - 1 

121', w&erain at least one of the emulates is formed from a material selected from the group 
coiBsl#i3igo£metal, polymer, eera&ia sstdasnrpssile, : 

123. ; The tatervertebral disc sppording to any one of the preceding c&inns 108.-' 
1.22, wfe«srcm at least one of the endpfet?ss is fanned of bone material sdoctted fioi^the 

10 group consisting of co^ 

partiaOy denqiaesralixed bona. : 

124. • The intervertebral disc according to any one of the preceding claims 1 0& -: 

123, ferthssr c»mpmsing nsigralioa-res&tot strictures disposed on at least am of die first- • 
mS second outer surfaces. : '. . 

IS ■ ; 125. ■ TheiaiexrateM 

124, ftiartfcrar cenwsrisirig pesroaneatjfrssSion means disposed on at least one Of the Sat mi 

• " : • " • ' • "" r 



' 126. . The intervmeb^ disc arding to sry one of a»p!ra^a^<|laim« 18S-: 
125, further comprising implant ingtrujnsnlatlon attachment, gsiu&sg, or rdsming stesctore 
disposed on at lea^orw of me firsta^ ' . : 

127. An intervertebral disc &r placement between first and secjwsd wtebrae 



~' " a 8M eadplate haevmg-a first rank surface and a first outer surface* me-fir^ outer 

snxfece confi^sed for contacting the first vertebra; . . ! 

. a second endplate having a=see£ed inner surface and a second outer airfiice, me • • 
second outer surface configured for commctiug the second vertebra; . = 

• a first arficnlateon tn&xnb&r having a first surface associated with the tot sndplate, 
a leaf spring having at least a fintwrffcee associated with the second mdplate and a 
d with a second surface of tbe first articaSattoa mejpipr; • 
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; wheiep thcj first aitieulatlon member ii configured to allow the first andsecdpd eodpiates 
to HTjrtcnTate with respset to cash other, pad the leaf spring is coafl^rsd to allow the end " 
pkterto approach one another m re^opeto a compressive force applied to at least one of 
inees^plstes. ■ 

: . I j .f. 

. : 12& Th© mtoverldjraldise&esEdiag to claim 127, whmmat Iedt oaeofthe : 
irs6;e?K%}Iab inner surface and 4he fixd asticuJaiioa member &st s»nfese comprises & 
• coacsafe Wfiee, the other ststfaes beinj| convex, the surfaces configured to allow the 
artic^<symember to artistdaie with impact the first endplate. 

■ * ' . 12& The mtervertebrai disc ^ccordmg to claim 127 or 128, wherein She first 

hmer serfae© comprises a eonfarve shape, and the first artiealatiOB inmfeer 
oenrpiises & mttesponding convex shajpe. . : 

; • 13Q ; "Ilia intsi-vertebmi disc fewrrfiag to any one of the preceding jslaimg 12? - 
J29 ? ferther wmprismg s second artidktioa member having a fat sur^gssocufed- with 
fee fim ©ablate inner surfece and a second sarface associated with the first Lrdcalafcn 



13P. The intervertebral disc phra&g to claim 1 3Q. wherein second ■ 
artio^at^member second surface isWcave md configured to cosresponslto «wo 
: Ifoa smdkee of the first articulation mihbsr. 

: ' 132. The mtervertebnl diss kwrdmg to claim 1 3 1 , wherein fee coacave aid 
20 cosf^sKsra^oes are configured to allow both artfculatioaandttansiatioBbet^the : 
. . rterfacfioH members. J.. ' ' 

j : 133. The Mervertebral dl^ kseording to any one of the pnxeding^sans 130 - 
132, whereas al teas? on® of th§ Mouses members comprises a material tijatfe different 
" torn the fiajaterial of one of &e first or^coad eadplates, ' • ' 

25 .134. The Intervertebral diso beerdmg to any one of the prteoding claims 127 - 
133; whmja the firm cndpkte imar sifiee md the articulation member fi^ smfeee are 
&rtte configured to allow the artisan member to translate relative to th# first endptee. 

• : 135. The intervertebral disc According to any one of the precedmg elates 127 - 
I34 s ®m aseoad sn6pMs further com^dsmg & recess in the second ixmer stsrto the leaf 
• 30 1 spring having a length sufiScia* to sprite recess so that at least opposite gad» of &e leaf 
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: s^g^are supported by the imer sisftee asd a central portion of d^ io^sp^g is : ... 

posifianed over the recess, wherein woes the central portion may move into the recess when • 
' ac©sjp^ve forceisgppE^l»gs©^adgurfaeeofthe leaf spring, 

" _ „ V36. The intervmebr&S disc according to claim 135, the second endfii&t© farther 
'5 asmprisisg a psimete edge sized and;teafignred to allow the leaf spriag fb txmskte.with 
respect to the second andpiate in s£ fsaii <me directioB. 

:■. : ' I ■'->■!■ 

' , - - 137, The mtareertebrai diss ssccqrdfog 10 claim 135 or 136, the second endplalb 
. ' l^ereomprismgaperraieterrf^ 

. ' ."■ fcwsfaiingm ...... . ;j 

' %0 : . 138. Hie intervertebral disc Becoming to my one of the preceding clams 134. ~ : 
. 137; the leaf spring second surface fur^ comprising a recess configured to accept a ; 
- projection formed on a second suificeif the articulation member, l " ' 

139. Tteintervwt^^^ 
pmjsclistj arc sized and coafigHmi to allow the articulation member to trsnslste m at least 
IS one^dkectioa relative to the leaf spring.. t ! " . ■ ' • 

: 1 i • i i 

7 • ] M0. . Theinterve^*^ . 
*3%ftw&erc«mpri^ ; 
. ssodplatej, and to cover at least a portion of the leaf" spring to prevent fee leaf spring irons 



20 ! ., , 141. The intervertebral disc acsxsdmg to any one of the preeedlnfetalsBS 135- '»■ 

: 140^ ihecap member fcrtber comprising at least one rased ridge configured to contact a* .[. 

; least one raised ridge assoekted wish fee first eodplate to limit articidarioabiksMsa the- - 

• en^iatesiaatlesstosedhwtioa. '. * 

) " 142 - - ^^^^^di^ "• 
25 | haw eOT^soading fiat sxjrfiice profileji.- • * 

; : 143. The intervertebral diss 'according to claim 141 or 142, whsrehirihe raised 
. •• ridges have correspondingly angled ssTfsees., 

j . 144. The imemsrtebraf diss jscemdlog to any one ©f the preeedmg eMms 127-- 
! 143, wherein at least one of the eadpkis formed from amaterial selected fern the group : 
30 J consisting of metal, polymer, ceramic land composite. - ; 

. 53 
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; 14S. The intervertebral disc according to any one of the pTtxc3^<$aiaiB 127 

144, wnerem'ai least one of the endplates is formed of bone material sdecte&jmm the 
groupk-consistrng of cortical, cancellous; allograft, autograft, xenograft, deniiaeraIized ; or' 
pjarti&lly doainerahzed bone. 

144. The intervertebral disc according to any one of the preceding claims 127 - 

145, forther comprising migration-resistant structures disposed on at least Wof the first 



147. The intervertebral dWacbording to any one of the preceding claims 127 - • 
M6j farther comprising permanent fixation means disposed on. at least one of the first and 
second outer surfaces. *. 

148. The intervertebral disc jaccortiing to my one of ths preceding daima 127 ^ ■ 
147, farther comprising implant insmrmentation attachment, guiding, ox rdmpmg structite 
(fepojjcd on &t least one of the first and second inner or outer surfaces. 
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§§§ (54) Title: CONTROLLED ARTIFICIAL INTERVERTEBRAL DISC IMPLANT 




(57) Abstract: The invention relates to an artificial intervertebral disc for placement between adjacent vertebrae. The artificial 
<^5 intervertebral disc is preferably designed to restore disc height and natural disc carvatnre, allow for a natural range of motion, absorb 
O shock and provide resistance to motion and axial compression. Furthermore, the intervertebral disc may be used in the cervical, the 

thoracic, or the lensbar regions of the spine. The artificial intervertebral disc may incisde either singularly or in combination: an 
Q interior including at least one spring member preferably incorporating a arcuate surface member, a flexible cose,, the flexible core 
»5r preferably being a slotted core, a ring spring, a winged leaf spring, or a leaf spring, or. The articulating member preferably being 
St attached to one of the endplaie by an intermediate shock absorbing element 
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Box I Observations where certain claims were found unsearchable (Continuation of item^pf first sheet) 



This International Search Report has not been established in respect oi certain claims under Article 1 7(2)(a) for the following 
1. I I Claims Nos.: 

' because they relate to subject matter not reared to be searched by this Authority, namely: 



3. ["I Claims Nos.: • 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of f irst sheet) 



This International Searching Authority found multiple inventions in this international application, .as follows; 

see additional sheet 

t . Q As aB required aoyitJonal search fees were ftnefy paid by the applicant, this International Search Report covers all 

2. i I Mail searchable claims could be searched without effort justifying ah additional fee, this Authority did not invite payment 
1 ' of ar* additional tee. 

3. | | As only sorrse of the required additional search fees srara timely paki by the applicant, this International Search Report 
I — 1 covers only those claims for which fees were paid, specifically etesms Nos,: 



• GT] m raquirad additional search lees were timely paid by the applicant Consequently, mis International Search Report is 
restricted to the invention first merstor>ed in the claims: 8 is covered by claims Nos.: 

1-28, 51-69 



j | The addatonai search fees were accompanied by the applicant's protest 

[~ j No protest accompanied the payment of a*idi&>na! search fees. 
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FURTHER INFORMATION CONTINUED FROM PCT/iSA/ 210 



This International Searching Authori ty found multiple (groups of) 
inventions in this international application, as follows: 

1. claims: 1-28,51-69 

An intervertebral disc comprising: 
an upper endplate having a first inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a membrane extending between the upper endplate and the 
lower endplate; and 

at least one resilient member disposed between the upper and 
lower endplates; the resilient member associated with at 
least one arcuate surface member configured to articulate 
wi thin at least one socket associated with at least one of 
the endplates. 

(problem: provi ding an intervertebral implant being able to 
absorb shocks and to allow articulation of its endplates 
wi th respect to each other) 

1.1. cl aims: 51-69 

An intervertebral disc comprising: an upper endplate having 
a first inner surface and a first outer surface, a lower 
endplate having a second inner surface and a second outer 
surface, a membrane extendi ng between the upper endplate and 
the lower endplate; and an arti ail ati ng member disposed 
between the upper and lower endplates; the the articulating 
member having a first and second surface being configured to 
mate wi th the inner surface of at least one of the endplate 
and a shock absorbing element di sposed between the second 
surface and one of the endplates. 



2. claims: 78-86 

An intervertebral disc comprising: 
a first endplate having a first inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a slotted core disposed between the first and second 
endplates, the slotted core having a first and second 
surface, the first surface configured to mate with a pocket 
formed on the inner surface of first endplate, and the 
second surface comprising an articulating surface configured 
to mate with a corresponding surface associated with the 
second endplate. 

(problem: allowi ng different regions of the core / the 
implant to compress di f f erent amounts depending on the 
location and type of spinal loading) 



3. claims: 87-107 
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FURTHER SNFQMATIGN CONTINUED FRO?4 PCT/ISA/ 219 



An intervertebral disc comprising: 
a first endplate having a first inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a cap bavi ng a top surface and bottom surface; the top 
surface being configured to mate with the inner surface of 
the first endplate; and 

a ring spring disposed between the bottom surface of the cap 
and the inner surface of the second endplate. 
(problem: providing a durable shock absorbing element for a 
disc implant having the characteri sti cal shock absorption 
and compression resistance of a spinal disc) 



4. claims: 29-50 

An intervertebral disc compri sing: 
a first endplate having a first inner surface and a first 
outer surface, 

a lower endpl ate having a second inner surface and a second 
outer surface, 

a membrane extending between the upper endplate and the 
lower endplate; and 

at least one leaf spring disposed between the endpl ates, the. 
leaf spring having first and second ends, the first end 
attached to the first endplate and the second end configured, 
to be movable laterally along the inner surface of the first 
endplate in response to a force on the leaf spring, 
(problem: providing a greater range of flexibility of leaf 
spri ngs in. spinal disc implants) 



5. claims: 168-126 

Ah intervertebral disc compri sing: 
a first endplate having a first inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a leaf spring having first and second resilient ends, 
conf i gured to engage the second endplate, and a length, the 
leaf spring further comprising a central body having first 
and second surfaces, the first surface comprising an 
arti cul ati ng surface. 

(problem: preventing failure of a leaf spring in a disc 
implant) 



6. claims: 127-148 
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FURTHER INFORMATION CONTINUED FROM PCT/JSA/ 210 



An intervertebral disc comprising: 
a first endplate having a first inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a first articulation member having a first surface 
associated with the first endplate, 
a leaf spring having at least a first surface associated 
with the second endplate and a second surface associ ated 
with a second surface of the first articulation member, 
wherein the first articulation member is configured to allow 
the first and -second endplates to articulate with respect to 
each other, and the leaf spring is configured to allow the 
end plates to approach one another in response to a 
compressive force applied to at least one of the end plates, 
(problem: providing the surgeon with a greater flexibility 
in selecting the appropriate material for the articulating 
surface while not affecting the materials of the endplates) 
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